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ABSTRACT
PROBLEM SOLVING PATTERNS IN SCIENCE,
GENDER, AND SPATIAL ABILITY
DURING EARLY ADOLESCENCE
February 1981
Carole Ann Camp, B.A., University of Massachusetts
M . Ed
.
,
University of Massachusetts
Ed . D
. ,
University of Massachusetts
Directed by: Professor Leverne Thelen
The purpose of this study was to investigate
patterns of similarities and differences related to the
solution of selected science problems by adolescents who
had been grouped by spatial ability and gender. From the
literature it had seemed evident that striking
differences exist between males and females in their
ability to do spatial tasks and physical science
problems. The proposed research was designed to
contribute to the body of knowledge related generally to
the following questions:
1. On selected science problems, do males and
females approach the problem differently?
2. On selected science problems, do high spatial
and low spatial students differ in their approach to a
solution?
vi
3.
are
On selected sub-factors of spatial ability
there any differences between the method employed for a
solution by males and that employed by females?
On selected sub-factors of spatial ability, are
there any differences between high and low spatial
students in the process used for solution?
5. Are the thinking patterns employed in doing
spatial— type tasks related in any observable ways to
thinking patterns needed to be successful in science
related tasks?
The clinical interview was selected for this study
in order to uncover dimensions of the cognitive processes
not observable by most standardized methods of
measurement. It allows the researcher an opportunity to
pursue lines of inquiry that emerge during each session
and to probe into fundamental and underlying concepts,
thoughts and ideas.
The population selected for this study consisted of
9th grade students who were enrolled in four physical
science classes. These students were divided into six
groups, based on performance on a spatial relations test.
The middle scorers were then eliminated from the study in
order to create groups consisting of students at extreme
levels of spatial ability. Four pools of students were
vii
thus created; high scoring males, HSM
; low scoring males,
LSM; high scoring females, HSF
;
and low scoring females,
LSF • From each of these four groups, ten students were
randomly selected.
During two interview sessions the students were
asked to solve two items from the spatial relations test,
a volume displacement puzzle, and two science problems,
one involving the earth-sun-moon system and one involving
relative motion. The following is a brief selected
outline of some of the findings.
More females than males folded the item incorrectly.
More than half of the LSF had a geocentric model of the
universe. High scorers, low scorers, both male and
females thought that the earth's shadow caused the phases
of the moon. All of the males did the volume
displacement puzzle correctly, less than half of the
females correctly interpreted the puzzle. The HSMs were
able to shift planes when diagramming the moon and earth
from a point on moon's orbit while very few females, high
and low spatial, were able to correctly diagram this same
arrangement. The females were confused about the meaning
of miles per hour. The greatest and most consistent
differences occurred between the high scoring males and
the low scoring females. These differences need to be
vi i i
researched continually in order that we may best meet the
needs of high and low spatial students and we must
deliberately address the differences between males and
females
.
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CHAPTER I
STATEMENT OF THE PROBLEM
The Need for the Study
With the increasing involvement of women in the work
force, in professions that have been traditionally male
dominated, effort is being made by groups such as NSF
,
AAPT, AAS to encourage women to enter into the fields of
physical science and engineering. While there tends to
be some increase in the number of women in these areas,
progress has been and continues to be slow.
Although .universities and colleges are "actively"
recruiting women into technical fields, little research
has been done to investigate all of the variables that
deter women from entering scientific and engineering
professions. The two most accepted reasons explaining
why so few women enter science and engineering are,
social pressure and institutional sexism. While these
two reasons are definitely significant, there is some
evidence to suggest that there may be other contributing
factors
.
While the research that has been done on the subject
of sex differences in science has primarily tested math
abilities in both males and females, little research has
1
2been done specifically related to science. The National
Assessment of Educational Progress (1978), conducted in
the field of science most recently in the years 1970,
1972, and 1977, suggests that males out-perform females
in some categories and at some ages in science
achievement. This difference is especially pronounced
m the physical science portions of the assessment.
One might attribute the differential performance of
seventeen-year olds to the fact that a greater percentage
of the young women have ceased taking science courses.
This does not explain, however, differences in nine and
thirteen year olds since in most schools girls and boys
of these ages take a common curriculum which includes
science. Another explanation of the sex-related
differential performance in science is that it is the
result of culturally-induced ster eotyping
. Undoubtedly
the number of courses taken and culturally-induced
stereotyping are major factors especially the former for
older students. However, the educational community
should not be satisfied that these two reasons explain
all the differences between males and females at age
thirteen and younger, and every attempt should be made to
identify other possible influences that may contribute to
these differences.
3The research in this study is based on the
assumption that this difference in performance in science
is related to another well known phenomenon, that men and
boys significantly outperform women and girls on spatial
tasks (Fennema, 1975; Maccoby & Jacklin, 1974). (For an
in depth discussion of definitions related to spatial
ability see Chapter II.) Although little research has
been done to relate spatial ability to science ability
specifically, much work has been done in the area of
mathematics and spatial perception and from this research
insight can be gained to help clarify the issues related
to sex differences in science achievement and/or ability.
The proposed study is based on the further
assumption that the mental structures which control
visualization and space-relational abilities develop
differently in girls and in boys. From the available
literature it is not clear whether this difference is one
of Hit®. °f development of basically similar structures,
or whether the structures in girls and boys are
different. It is also not clear whether
the differences are biologically, and/or culturally
induced. Answers to these questions will have important
implications for science education. If the difference
between girls and boys is simply one of rate of
4development of visualization ability, then the sequencing
and selection of courses may need to be reassessed. If
there are qualitative differences, perhaps teaching
strategies in science and math need to be adapted to
match better the learning patterns of most girls (and
presumably some boys).
Sherman (1977) cites that one principle area of
research need is an "
. . . incr eased understanding of the
development of spatial visualization in girls..." From
the research (Maccoby & Jacklin, 1974; Schonberger, 1977;
Fennema, 1975; Smith, 1974), it seems clear that the
critical age-s to study for an under stand ing and eventual
alleviation of this situation are the pre and early
adolescent years.
Statement of the Problem
The overall problem is that there are striking
differences between males and females in their ability to
do spatial tasks. A possible ramification of this
problem is the fact that females are not considering and
entering the fields of science and engineering at the
same rate as males.
The research proposed in this study is designed to
contribute to the body of knowledge related generally to
5the following questions:
1. On selected science problems, do males and
females approach the problem differently?
2. On selected science problems, do high spatial
and low spatial students differ in their approach to a
solution?
3. On selected sub-factors of spatial ability are
there any differences between the method employed for a
solution by males and that employed by females?
4. On selected sub-factors of spatial ability are
there any differences between high and low spatial
students in the process used for solution?
5. Are the thinking patterns employed in doing
spatial-type tasks related in any observable ways to
thinking patterns needed to be successful in science
related tasks?
Clinical Interview
The clinical interview method was selected for this
research so that it could be determined exactly why
students answered the test questions the way they did,
rather than relying on the traditional paper and pencil
testing method. The researcher was looking for patterns
and processes that might not emerge by merely scoring
6tests. Moreover, the research is designed to find out if
there are unique differences in the ways males and
females approach particular types of problems. For
example, do students in any particular group rotate
objects in space in their minds?
The clinical method provides opportunity for these
young people to explain the thinking processes in which
they engage while doing certain types of problems, e.g.,
spatial, and science. It should also tell us if there
are any significant differences or similar itites among
and between any of the defined groups.
The structure of the interviews are of a probing
nature, and are somewhat unique for each student. In
order to have some consistency among all the interviews,
general areas of questions were asked of all students.
The more specific questions evolved during each
interview. Each student was encouraged to talk about
what he/she was thinking, even if it appeared to the
student as irrelevant.
7ine the Dissertation
Chapter II Review of the literature
A review of the relevant literature in the following
areas is included in Chapter II.
1. Sex Differences in Science
2. Related Research in mathematics
3. Related research on Piaget ian-type tasks
4. Sex differences in spatial ability
5. Socialization as an explanation for sex
differences
6. Hemispheric functioning as an explanation for
sex differences
Chapter III Design of the Study
This chapter is a detailed description of the design
of the study. It also includes the rationale for
choosing the clinical interview as the technique for
gathering data as opposed to other methods. A brief
description of the problems used during the interviews is
included along with the rationale for the selection of
these particular problems. Chapter III concludes with a
description of the sample of students and their scores on
the Spatial Relations test.
Chapter IV Results
This chapter includes an analysis of the students’
8responses
. The disscussion of this data is described in
five different sections: Spatial Ability Reviewed;
Spatially related Piagetian Tasks; Pre-Corpernicans of
the Twentieth Century
; Misconceptions in Science
Concepts; and Relative Motion. The data has been grouped
tms way instead of by interview question because these
issues seemed more interesting and significant. The
patterns that emerged are discussed in the context of the
related issue.
Chapter V Conclusion
In Chapter V are reported the conclusions reached as
a result of this study based on the research questions
presented earlier
. This chapter also includes a
description of the limitations of this study and
recommendations for further research.
CHAPTER II
REVIEW OF THE LITERATURE
Sex Difference in Science
Once one had very little trouble identifying males
and females on first appearance, but in the early sixties
in an attempt to be equal, males and females took on an
outer appearance that was very similiar. In spite of
these surface similarities, differences still are
obviously present. One need not review here all the
physical and biological differences that exist. The
purpose of this chapter is to focus on similarities and
differences between males and females that may in some
way affect success in the study of science and
consequently career options.
This chapter includes a review of the literature
related to sex differences in science and mathematics as
well as a review of the literature concerned with
possible explanations for these differences. For more
extensive reviews on these issues the reader is referred
to McGuinness & Pribram, " The Origins of Sensory Bias in
the Development o f Gender Differences in Perception and
Cognition "
;
Maccoby and Jacklin, The Psychology o f Sex
Differences
;
and Harris, " Sex differences in spatial
9
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The Ra tional Assessment. During 1970
,
1973
,
and 1976 the
National Assessment of Educational Progress conducted
surveys in science. Each of these tests were given to 9
,
13, and 17 year olds; approximately 75,000 students were
evaluated in each of these years. Because the sample was
large and random, one can assume that this sample
represents all students of these ages in the United
States. Data are available for the following groups from
the assessments done in 1970 and 1973 ; sex, race, region,
parental education, and type of community. Specific
statistics are not yet published for the assessment in
1977.
According to the Preliminary Report for 1976,
however
,
the groups which consistently scored above the
national average are whites, males, students from the
Northeast, students from advantaged urban and suburban
areas, and students with at least one parent with a post
high school education. In all age groups the total
correct response declined from 1969 to 1977 (Fig. 1).
This downward trend is also true for all three groups in
the physical sciences, (Fig. 2) and for 17 year olds in
biology (Fig. 3). Although there was a downward trend
11
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Fig. 1. Changes in science achievement from 1969-70 to 1972-73
and from 1972-73 to 1976-77 for 9, 13, and 17 year-olds.
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Fig. 2. Changes in physical science achievement from 1969-70 to
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Fig. 3. Changes in Biology achievement from 1969-70 to 1972-73 and
from 1972-73 to 1976-77 for 9, 13, and 17 year-olds.
from 1970 to 1973 in biology for 9 and 13 year olds, the
trend reversed from 1973-1977. While all the differences
between sub-categories of the three groups are
interesting to explore, focus will be placed on the
differences between males and females.
From the graphs in Figure 4 and Figure 5 one notices
that the 9 year old boys outperformed girls and the
difference between boys and girls increased for 13 year
olds and increased more for 17 year olds. Some of the
differences in performance for male and female 17 year
olds can be explained. The people analyzing the results
of the National Assessment did not control for the number
of science courses taken. Males tend to take more
science courses than females, and males especially tend
to take more physical science courses than females.
Table 1 shows the percent of students taking typical high
school subjects. The data was collected from a random
sample of high school students stratified to match the
1970 Census distributions according to sex, grade,
residence (rural-urban), and geographical region (Erlick
& LeBold
,
1975) .
Therefore, at least in the 17 year old sample, young
women with fewer science courses in their background are
being compared to young men who have probably had more
15
Fig. 4. Average differences between boys and girls on
physical and biological science exercises, 1969-70.
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Fig. 5. Average differences between boys and girls on
physical and biological science exercises, 1972-73.
TABLE 1
PERCENT OF HIGH SCHOOL STUDENTS
TAKING HIGH SCHOOL SUBJECTS
Subjects Total M F
English 95 93 97
Social Studies 89 87 89
Algebra 80 80 80
Biology 78 76 79
Typewriting 63 49 77
Plane Geometry 49 52 47
Art 48 47 50
Home Economics 42 14 71
Band, Orchestra 28 29 30
Chemistry 27 30 23
Mechanical Drawing 22 38 6
Bookkeeping 17 12 21
Trigonometry 15 17 14
Physics 1
1
15 8
Auto Mechanics 1 17 4
18
exposure to science in high school. (The assumption is
that having had a course in high school helps one achieve
a higher score on the Assessment.)
While one may be able to attribute the difference or
at least most of the difference in science scores for 17
year olds to the unequal number of science courses taken
in high schools, one cannot explain away the differences
for 13 year olds in the same way since choices in course
selection are not usually available until high school.
In 1969 thirteen year old boys performed on the average
4.2 percentage points higher than girls, in 1972 this
average was 4.3 percentage points. Although other
statistical analysis were not reported, one can assume
given the size of the sample that this difference is
significant
.
Of the items given to 13 year olds, boys did better
than girls did on 45 items, most of which were physical
science exercises. Girls scored better than boys on only
13 exercises and these tended to be of a biological
nature. The Assessment has not released all of the
examples used in the survey, therefore only a few
excercises are available for analysis. Appendix A
contains those released exercises on which boys
significantly out-performed girls.
19
M assachusetts Educational Assessment Program. In
1976-1977 Massachusetts conducted an assessment in
science and ecology. Many items were similar to those
used in the National Assessment. The assessment was
administered to approximately 1800 nine year olds and
1800 seventeen year olds. In addition to the science
achievement items, twenty background and experience
factors were examined.
In general as seen in Figure 6 boys performed better
than girls in most content areas. One interesting item
to note involves physics for 17 year olds. While there
is a difference in favor of males on physics items in
Massachusetts, the difference is far less than for those
same items for the National sample.
As in the National Assessment, control was not made
for number of science courses taken. While one may
speculate that the number of science courses makes a
difference in scores, one still needs to explain the
difference in biology scores for males and females.
Although there is less difference in the scores of these
younger students, there is still a difference in favor of
males. A selected set of items from the Massachusetts
assessment are included in Appendix B.
Median
Performance
Scores
Median
Performance
Scores
(In
Percent)
(In
Percent)
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SCI.
Fig. 6. Median performance for females and males in five science
content areas based on all items.
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Relat ed Research in Mathematics
I ntroduction
. Research on sex differences in mathematics
ability has been investigated for many years. While one
may debate whether or not conclusions based on research
in mathematics are relevant to science education, this
discussion is based on the assumption that there are some
aspects of mathematics that are directly related to
science. Several authors have done extensive reviews of
sex-related differences in mathematical ability (Garai &
Scheinfeld
,
1968; Maccoby, 1966; Maccoby & Jacklin,
1974; Fox, 1977; Fennema, 1974; Sherman, 1977;
Fennema, 1977). This review will highlight some of the
research, especially that which seems most pertinent to
science education.
Problem Sol v ing Ability
. The ability to solve problems
is common to both mathematics and science. While many
mathematics tests involve computational skills, this
review focuses on studies that report results that fall
under the general subject of problem solving. As with
much of the research in science the tools used to assess
the subjects vary from one study to another. One has the
feeling of trying to compare oranges and apples because
"problem solving" subtests are labeled by a variety of
22
titles.
The National Longitudinal Study of Mathematics
Abilities ( NLSMA ) tested three content areas, number
systems, geometry, and algebra on four levels;
computation, comprehension, application, and analysis.
Although the intent of the study was not focused on sex
differences, some statistics on sex-related differences
were reported. Two of three applications scales for
number systems and the only analysis scale in geometry
showed significant difference in favor of boys in Grades
4, 5, and 6. (Carry & Weaver, 1969) Although this study
does show some evidence in favor of boys, Schonberger
(1976), after a review of the literature for upper
elementary age students, concludes that "some sex-related
differences in mathematical problem solving have begun to
appear but the results are mixed." Boys were better in
some studies, girls in others and no significant
difference in the rest.
There are some indications that sex-related
differences in mathematical problem solving ability begin
to become more obvious starting in 7th and/or 8th grade
and that the difference increases through high school.
For one of the 7th and 8th grade samples used by NLSMA
sex-related differences were found on the one application
23
scale used and on all but one of the analysis scales
used. In a second 7th and 8th grade sample used by NLSMA
differences were significant in favor of boys for all
analysis tests except in algebra.
The National Assessment of Educational Progress in
math shows that males outperformed females at ages 17 and
26-35. As with the Assessment in science, no control was
made for number of courses taken. The same arguments can
be made in math as were made in science; that at least
one possible explanation for sex-related differences in
favor of males at these ages is related to the number of
math courses taken. At ages 9 and 13 achievement in math
appeared to be similiar.
In the NLSMA study for high school students the
number of courses were controlled and the students were
grouped into college-preparatory and non-college
preparatory groups. Schonberger (1976) states
Taken as a whole the NLSMA results seem to
provide overwhelming evidence of male
superiority on mathematical problem solving
tests
.
Werdelin (1961) used Geometrical Problems,
Arithmetic, Number Series and Geometrical Construction
among others in a study of above average tenth grade
students. These tests can be considered as tests of
mathematical problem solving. Boys scored higher than
girls on Geometrical Problems at the .01 level and on
Geometrical Constructions at .05 level. In a small
sample of matched boy-girl pairs on age, numerical
ability and general reasoning ability sex-related
differences in favor of boys remained.
In a more recent study Fennema and Sherman (1977)
tested 589 female and 644 male 9th - 12th grade students
in four Wisconsin high schools. This study was an
attempt to control for math courses previously taken.
The tests used included Test of Academic Progress, Quick
Word Test, Space Relations Test of the Differential
Appitude Test and several measures of attitudes and
background. An analysis of variance (ANOVA) was computed
using school, sex and grade as independent variables and
mathematics achievement scores as the major dependent
variable. The results of this ANOVA showed significant
sex, grade and school main effects and significant school
by sex and school by grade interactions. These results
indicate that sex-related differences did not increase
from grade to grade, and the school by sex interaction
suggests that sex differences varied over schools. Boys
only scored significantly higher in math acheivement at
two of the four schools. The authors conclude that by
controlling for the number math courses taken, one cannot
25
say that boys achievement in math is consistently better
than females. There are many other factors that may have
a significant effect. (See section on socialization for
a further discussion of this study.)
The above results appear to be opposite to those
found by Hilton and Berglund (1974). Their research
consisted of a longitudinal study and controlled for
number of mathematics courses taken. They found that as
early as fifth grade students, who had eventually
' enrolled in academic programs, had higher mean STEP
(Sequential Test of Educational Progress) and SCAL
(Schools and College Ability Test) scores than
non-academic students. They also found that in STEP
Math, males and females are equal at grade five, but
males have successively higher mean scores at subsequent
grade levels. For the academic group the sex differences
are statistically significant at grades 7, 9, and 11.
It is difficult to draw any conclusions based on the
available literture. Prior to the seventies, most
literature reviews and most evidence suggest definite
differences between males and females in problem solving
ability and various subsets of math and science ability.
However, much of the difference in these mathematics and
science scores may be explained by the fact that numbers
26
of mathematics and science courses were not controlled in
many of the studies. Recent research is definitely
mixed, although the general climate is still one that
assumes that males are better at problem solving ability
than females are.
R elated research on Pi aget ian - type Tasks
While there is presently a proliferation of studies
in science education using a variety of Pi agetian-type
tasks, very few researchers have reported their results
separately for each sex. Whether sex differences exist
is difficult to determine given the data that have been
reported in the literature. Statistics have been
reported by sex for a few studies, but the conclusions
reached are inconsistent, some studies showing
differences between sexes, some not. In the studies
where differences between sexes have been examined, the
difference in favor of males is greatest on tasks
concerning conservation of volume, three dimensional
space and the water level test.
Lawson (1976) tested 31 male and 31 female high
school students (mean age, 15.2) on the bending rod and
equilibrium balance, conservation of weight, and volume
displacement tasks, all of which required manipulation
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of materials. The same students were also given the
Longeot paper and pencil test of concrete and formal
reasoning ability. He discovered that the format of the
testing situation differentially affected the ability of
males and females to demonstrate concrete and formal
reasoning. Males performed significantly better than
females on the manipulative tasks. The differences
between males and females were greatest on the sections
of the tests which included the conservation tasks
especially on volume displacement.
Fogelman (1972) also found that first grade boys did
better on tasks where they manipulated the materials than
when the interviewer manipulated them. Interestingly,
girls showed exactly the opposite result. A study by
Brekke and Williams (1973) implies that the testing
situation may influence the results. With a group of
first grade students they showed that girls did better
than boys on conservation tasks when the interviewer was
a female ( p . < .01).
Goldschmid (1967) used 10 conservation tasks,
substance, weight, continuous and discontinuous quantity,
number, area, distance, length, two dimensional, and
three dimensional space. The subjects were 102 first and
second graders in three different schools. A "t" test
28
was done on the basis of sex, which showed that the boys
did better than the girls on all the tasks while there
was no difference between boys and girls on age, IQ, and
vocabulary. Of additional interest is the fact that
when the tasks were ordered according to difficulty three
dimensional space and distance were the most difficult
for both boys and girls.
Based on research using pairs of boys and girls,
Graybill (1975) concludes that:
1. Girls differed from boys in the point at
which they developed logical thinking abilities
as defined by Piaget and Inhelder (1958). Boys
began to score at the formal level at 13 years
of age while the girls lagged behind. There
were no girls in the sample who scored
consistently at the formal level.
2. Boys were more successful than girls in
solving the science problems (Graybill is
calling the Piagetian tasks used in this study
"science" problems. There is some question as
to whether or not these tasks are content
free). The data shows that boys score as well
as or better than girls on every experiment at
each age level except for the Chemical
Combination results in the 9-year-old female
group
.
While Graybill's conclusions show some differences
between sexes, it should be noted that the sample used in
this study was very small; pairs of boys and girls at age
levels 9, 11, 13, and 15. However, they were matched for
IQ, and school achievement as well as for age.
Another Piaget task which has been used is the
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water level task. Even though Piaget and Inhelder
(1967) suggested that people master the principle of the
water level remaining horizontal beginning at age twelve,
there are indications that 50% of college women do not
draw a horizontal line in responding to the tipped jar
(Thomas
,
1971).
After reviewing the current literature on science
and Piagetian-type tasks, consistent results in favor of
males on conservation of volume, three dimensional space
and water level do emerge. While many researchers use
these tasks as indicators of "logical" or "analytical"
thinking, these tasks give results contradictory to other
tests of "abstract" reasoning which show no significant
difference between men and women.
Sex Differences in Spatial Ability
Definitions
. Sex differences in spatial ability have
been studied for many decades. Over the years various
definitions of spatial ability have been put forth in an
attempt to focus on this illusive quality of human
thinking. Words like spatial relations, spatial
relationships, space concepts, and visualization are used
interchangably by some authors, while others claim
specific differences among the different words (Sherman,
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1974). The confusion is further increased when different
researchers use a variety of measures claiming to
identify the same phenomenon.
Guilford (1947) defines spatial ability as the
ability "to move, turn, twist, or rotate an object or
objects and to recognize a new appearance or position
after the presented manipulation has been performed" or
"to make discriminations as to the direction of motion
such as up and down, left and right, and in and out."
Koussy (Fruchter, 1954) says that it is the ability to
manipulate visual-spatial images, rotate them or turn
them over. Burt (Fruchter, 1954) claims that spatial
ability is the ability to perceive, interpret, or
mentally rearrange objects in space. French (1951)
divides the definition into three parts:
1. space--the ability to perceive spatial
patterns accurately and to compare them with
each other.
2. spatial-or ientat ion--the ability to involve
a person's ability to remain unconfused by
varying orientations in which a spatial pattern
may be presented.
3. v isual i zat ion--abi 1 i ty to comprehend
imaginary movement in three dimensional space
or ability to manipulate objects in the
imagination
.
Fruchter (1954) divides the researchers into three
categories. The tactualists say that we obtain our basic
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ideas of shape and arrangement of objects In space
through the sense of touch. The visualists say that the
ideas of spatial relations are obtained via a sense of
sight. The middle-of-the roaders say each of these
senses is capable of space perception and the senses
cooperate in this effort. Most of these definitions
involve some type of mental image and the ability to
change the image by rotation or movement. This implies a
dynamic rather than static imagery. Schonberger (1977)
states, "Visual spatial abilities are those measured by
tests which are recognized in the field of cognitive
abilities as spatial and whose stimuli are pictorial
representations .
"
Many aptitude tests have a section called "spatial
relations." Werdelin (1961) says that an aspect common
to all such tests is "the ability to comprehend the
visual organization of the material and reorganize it."
Several researchers further refine the definition of the
spatial factor by isolating and identifying several
subfactors. Guilford, Fruchter, and Zimmerman (1952)
isolated two factors that they called visualization and
spatial relations. Thurstone (1950) had isolated three
subfactors: SI— the ability to identify an object seen
from different angles or to visualize a rigid
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configuration into different positions, S2~the ability
to imagine movement within the figure or among parts of
the figure, and S3 -- the ability to think about those
spatial relations in which the body orientation of the
observer is an essential part of the problem.
Later Michael, Guilford, Fruchter, and Zimmerman
(1957) synthesized the work previously done and became
instrumental in establishing the factors used by the
Educational Testing Service. The Spatial Relations and
Orientation factor (SR-0) is the ability to comprehend
the arrangement of elements within a visual stimulus
pattern with the subject's body as a frame of reference
(Schonberger, 1977). The Visualization factor (V2) is
the ability to mentally manipulate one or more objects or
parts of a configuration according to directions; the new
configuration must then be drawn. The difference between
SR-0 and V2 tests is that in SR-0 tests the figure as a
whole is rigidly transformed, and in V2 tests the figure
is broken up into parts and the parts are transformed. A
third factor Kinesthetic Imagery (K) involves right-left
discrimination
.
Some of the tests used to identify these subfactors
appear to satisfy the description of both SR-0 and V2.
Smith (1964) points out that there is a high correlation
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between SR-0 and V2 testa. Another complication in
trying to define and/or describe the subfactors of the
space factor is that the results of factor analytic
studies are different for males and females (Werdelin,
1961). When Werdelin analyzed males and females
separately two subfactors SR-0 and V2 were identifiable,
but when analyzed together the two subfactors collapsed
into one. Many of the original studies done by Michael
et al (1957) were done with just male subjects.
Very (1967) used thirty tests in an analysis of
mathematical ability. Sex differences were found to be
significant for seventeen of these tests. Females were
superior on six of the tests and males on eleven. Table
2 shows the number of tests involving some aspects of
spatial visualization in the list in which males had the
higher scores. Schonberger (1977) points out, after
analyzing Very’s data, that there are sex-related
differences to the degree which subjects use reasoning in
spatial tests. Some of the spatial tasks can in fact be
solved logically, i.e. cube rotation. French (1965)
found a difference in the style of solving many of the
spatial tests among a sample of men. The question then
becomes, if one is solving a spatial problem logically is
the test item measuring spatial ability?
TABLE 2
TESTS WITH SIGNIFICANT SEX DIFFERENCES
Test Test name Conf idencet-value level
Tests on which females were significantly superior
14. Logical Reasoning 2.47
.05
24. Number Comparisons 2.41
.05
25. Visual Motor Velocity 2.46
.05
26. Moore-Castore Vocabulary 3.87 .01
27. Moore-Castore Paragraph Reading 2.46
.05
30. English Placement Vocabulary 4.51 .01
Tests on which males were significantly superior
3. Division 3.13 .01
5. Arithmetic Reasoning 5.19 .01
7. Mathematical Aptitude 5.00 .01
8. General Reasoning 5.38 .01
10. Spatial Relations 4.83 .01
1 1 . Cards 5.82 .01
12. Cubes 7.31 .01
13. Spatial Orientation 7.07 .01
21
.
Judgement 2.50 .05
28. Moore-Castore Arithmetic 4.04 .01
29. Moore-Castore Algebra 3.20 .01
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nother area of investigation of spatial abilities
includes work by Witkin et al (1975) on embedded figures.
Witkin et al describes a field independent person as one
who is able to overcome an embedded context— to
experience an item independently of the organized field
of which it is a part. Conversely, the relatively field
dependent persons tend to perceive their surroundings in
a more global fashion and are more influenced by the
perception field.
While Witkin's type of task involves only a "static"
ability to "see" a figure, much research has been done in
this field. According to Witkin this test is a measure
of cognitive differentiation, analytic style, and field
dependence. Sherman (1967) claims that the phenomenon
which was described as "visual independence" in 1948 by
Witkin became "field independence" in 1954, "analytical
cognitive approach" in 1962 and "analytical ability" in
1966.
Sherman (1974) claims that the group embedded
figures test, is biased in favor of men because it is
testing a form of spatial ability and is not a measure of
cognitive differentiation and analytic style. Harris
(1978) agrees with Sherman and further points out that
Witkins's conclusions that females are more wholistic and
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less analytic in cognitive style is in conflict with
characterizations of the nature of spatial tasks and
abilities and the nature of hemispheric specialization.
Harris points out that if females' general cognitive
style is global then they should be better on spatial
tasks
.
While the Embedded Figures Test involves mainly a
static visualization, the Differential Aptitude Test
(Bennett et al, 1959, Appendix C) requires the ability to
rotate and fold a given shape in one's mind. Sherman
(1974) suggests that this test is the only valid test of
spatial ability. At least the dynamic imagery involved
is more consistent with the aforementioned definitions.
While spatial ability seems to involve some type of
mental manipulation of an image, one's sense of direction
may be related in some ways. Again on tasks commonly
used to test one's sense of direction, i.e. Visual Mazes
(Porteus, 1918), Tactual Mazes (Langhorne, 1948), and map
reading (Money et al., 1965), males seem to outperform
females beginning at early adolescence.
The more one tries to clarify the definition of
spatial ability the more one finds the definitions become
confused and entangled. The dilemma with reviewing the
literature is that so many different tests and
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definitions are used. The one interesting aspect in all
this confusion is that it does appear that there are
differences in males and females on at least some
subfactors in this general area of spatial relationships.
Obviously much more research on these differences is
needed. Comparing results from one study to another is
somewhat risky given the different assessment tools used,
given vague definitions, and given the way samples were
selected. If one takes the circular definition that
spatial ability is what spatial ability tests measure,
one can at least say that on these tests males and
females differ. On one hand, the exact definition does
not matter because there is some factor that these
particular types of tests are identifying, and this
factor is related to males scoring higher on these tests
than females. For the purposes of this paper, instead of
trying to specifically define this factor, spatial
ability will include all evidence reported on sex
differences in spatial ability, visualization imagery,
space, etc.
While the evidence is somewhat overwhelming in favor
of males on spatial visualization tasks (Fennema, 1975;
Maccoby and Jacklin, 1974), there are conflicting
opinions as to the first sign of these differences. Most
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authorities show evidence that this difference begins to
appear during adolescence, while some authors (Smith,
1964) show that this ability may begin earlier. One of
the most widely used tests of this ability, the
Differential Appitude Test, Form S, has different norms
for girls and boys starting at grade 8. The authors
state
Boys and girls have been found to differ in the
abilities measured by the Differential Aptitude
Tests. Some of the differences in abilities
are small and are of little importance. Others
are sizeable and of considerable consequence in
educational and vocational planning.
Smith and Schroeder (1979) did a study that
investigated the following two questions:
1. Is there a difference in spatial ability among
fourth grade boys and girls?
2. Would spatial ability of fourth grade boys and
girls be differentially affected by instruction?
The authors devised their own test, the Spatial
Visualizaton Abilities Test, (SVAT) based on Tangrams
from Elementary Science Study . They then divided the
children into two groups; one of which received
instruction and practice on Tangrams
,
the other group did
not. In relation to the first question asked, there was
no significant difference between boys and girls on the
pre-test and and no difference between the sexes after
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instruction. Their results also showed significant
difference between the instructed and the control group.
One would hope that would be true, because in a sense
they were teaching to the test. They did not do a
delayed post-test so long range effects of this
instruction cannot be assessed. While their results seem
consistent with much of the literature on pre-adolescents
(Maccoby and Jacklin, 1974), one should remember that
they designed their own test of spatial ability.
The differences in spatial ability become more
consistent in adolescents. Schonberger (1977) after an
extensive review of the literature concludes, "To
summarize the large-scale tests, it is fair to say that
boys’ performance is superior to girls’ at the .01 level
on two-dimensional SR-0 tests and three-dimensional V2
tests." Whether the differences increase after this age
is still a question. Studies that show increases with
age, i.e. Project Talent (Flanagan, et al., 1964) did not
control for drop out rate. Boys tend to drop out of
school earlier than girls therefore, the sample of boys
tested may be more homogeneous. The problem with most of
the studies done on older people, i.e. college students,
is that there was very little control for background and
previous courses taken.
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So cialization as an explanation for sex differences
Science and math. Obviously socialization plays an
important role in discouraging girls from pursuing
careers in math and science. This socialization
permeates all of life, from toys to guidance counselors.
Mathematics and science are perceived as male domains and
as such are to be avoided by females.
Female college graduates believe women do not enter
science and engineering fields because these fields do
not offer part time or intermittent work (Rossi 1965).
Many girls still believe it is not possible to consider a
career in science and also be a mother (Prediger, Mclure
and Noeth, 1976). In a study by Mead and Metraux (1957)
scientists were described as doing dull work and
neglecting their families by a group of adolescents.
Fifteen years later Ahlgren and Walherg (1973) found
similar results, mainly that scientists were perceived as
remote and unsocial.
In the study by Fennema and Sherman (1977)
previously mentioned, many measures of attitudes toward
mathematics were analyzed. In the two schools where
there were significant differences in favor of males in
math achievement, there were also sex related differences
on five attitude scales in one of the schools and on six
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attitude scales in the other school. Also the only high
school with two sex-related differences in cognitive
factors also showed the highest number of sex-related
differences in affective factors, six out of eight. Math
as a male domain was stereotyped more strongly by males
than females, and there was a significant correlation
between math as a male domain and mathematics achievement
for girls. In a principle component analysis math as a
male domain and attitude toward success appear as a
separate factor for females and not males.
Girls in schools of higher socio-economic class had
less positive attitudes toward success than girls in
lower socio-economic class. Sherman (1971) also found
that in lower SES (socio-economic status) classes
learning tends to be sex-typed as female and in upper SES
classes learning tends to be sex-typed as male.
Kra jhovich (1978) studied 251 ninth grade students
from a New Jersey suburban junior high school. He found
a correlation between a positive attitude toward science
and science achievement as measured by science grades and
scores on the science subtest of the Comprehensive Test
of Basic skills.
In addition to the possible effect that attitudes
have on science course selection and achievement is the
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effect of role modeling. The number of female scientists
and science teachers remains relatively low (See Table
3). This lack of female role modeling coupled with a
TABLE 3
PERCENT OF MALE AND FEMALE SCIENCE TEACHERS (REPORT OF
THE 1977 NATIONAL SURVEY OF SCIENCE, MATHEMATICS AND
SOCIAL STUDIES EDUCATION)
Grades Males Females
K-3 2 98
4-6 33 67
7-9 62 38
10-12 74 24
negative attitude towards science contributes to a young
woman’s fear of venturing into forbidden territory. Fox
(1975) found that gifted girls were reluctuant to
accelerate their progress in math because they held a
fear of negative social consequences and peer rejection.
Because there is no perceived future in science for
females, (Fennama and Sherman, 1977) they are more likely
to choose courses other than science and advanced math
when choices are offered in high school. The decision in
high school not to pursue advanced math and science
courses, ultimately limits career options later in life
or college. It takes a great deal of courage to start
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once again taking math courses, in order to regain the
lost sequence in mathematics.
Self-concept also influences decisions people make.
Whether negative self concept causes a person to do
poorly in school or doing poorly in school causes a
negative self concept, of course, can be debated. If one
assumes that a negative self image causes poor
achievement, then the results of the Purdue University
Opinion Poll 101 are interesting. In this study a random
sample of 2000 students were given a questionaire on
factors influencing career choices (Erlick and LeBold,
1975). The students were asked to give self-assessments
on several of their attributes. A statement of the item
from the questionnaire is as follows:
Rate yourself on each of the following traits
as you really think you are compared with the
average student of your own age. We want the
most accurate estimate of how you see
yourself
.
A. Academic ability
Above average
Average
Below average
Several skills and traits followed. Table 4 shows the
percent of responses checking "above average". Notice
the large sex differences with higher ratings for males
on (1.) mechanical ability, 31% to 7%, (2.) athletic
ability, 39% to 27%, (3) scientific ability, 24% to 14%,
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TABLE 4
PERCENT OF RESPONSES CHECKING "ABOVE AVERAGE
MALES FEMALES
1
.
Academic ability 37 41
2. Athletic ability 39 27
3. Artistic ability 19 20
4. Mathematical ability 35 28
5. Speaking ability 26 26
6. Scienctific ability 24 14
7. Problem solving skills 31 23
8. Social skills 24 30
9. Drive to achieve 43 45
10. Mechanical ability 31 7
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(4) Pfohlem solving ability, 31% to 23%, and (5)
mathematical ability, 35% to 28%. This attitude towards
math and science related ability on the part of young
women cannot help but keep them away from these fields.
Although counselors may be perceived as having
little influence over career choices (Harway et al
,
1976)
in comparison to parents, peers, and teachers, their
influence is still part of the whole. Girls have
actively been discouraged from taking advanced math and
sciences courses (Casserly, 1975; Luchins, 1976; Haven,
1971). Perrucci (1970) found that counselors actively
discouraged women from careers in engineering and
medicine even in some elite women's colleges.
Teachers may have more influence than counselors on
females. At least a very negative attitude toward math
is linked to bad experiences with a teacher (Casserly,
1975). In addition Luchins (1976) found that women
mathematicians cited inspirational teachers as having
influenced their career choices. Anderson (1963) also
found that non-sexist and enthusiastic teachers had a
positive effect on the intellectual development of girls.
Teacher expectation may also influence girls' career
choices (Ernest, 1976; Levine, 1976). While Solano
(1976) and Fox (1976) found that teachers had negative
feelings toward girls who were gifted in math, many
studies show that teachers interact more often with males
than females in math and science classes (Good, Sikes,
and Brophy, 1973; Levy, 1972).
There is no way to totally assess the influence that
parents have on girls and boys, but there is evidence to
indicate that parents are more likely to encourage boys
than girls to go to college, to pursue careers, and to
pursue studies in the sciences (Levine, 1976). More boys
than girls are bought toys of a scientific nature i.e.
telescopes, chemistry sets, erector sets, and microscopes
(Maccoby and Jacklin, 1974). This subtle and not so
subtle play experience trains girls away from careers in
science and engineering.
Girls of course are constantly bombarded with media,
from TV to textbooks, which continue to reinforce the
traditional sex-role stereotypes (Bergman, 1974). in
general girls learn to be passive, romantic, unemployed,
and house maids responsible for rings around collars,
non-waxy floors, and dishes that shine. They are also
exploited sexually (i.e. Charlie’s Angels, Old Gold,
automobile commercials, and a variety of other ads).
Until very recently women were not portrayed as
scientists or enginneers.
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Reading books and texts still portray girls as
passive, boys as active, girls looking pretty, boys,
independent, girls in domestic roles, and boys having
adventures (Jacobs and Eaton, 1972; Weitzman and Rizzo,
197*0. Even science texts often show boys acting and
girls watching (Trecker, 1973; Gaetano, 1966).
Spatial Ability
. If one assumes that socialization plays
a part in causing the differences between the sexes in
spatial ability, one can suppose that the activities in
which boys engage encourage spatial ability more than
those activities in which which girls engage. Inhelder
(Tanner & Inhelder, 1958) suggests that children with
greater experience in manipulation and visual-tactile
exploration have better spatial skills. But why is
manipulating a truck more visual-tactile than
manipulating a doll? Also why is it that sex differences
in spatial ability do not consistently appear until
around age 12?
In terms of the tasks using volume and water level,
even after training on volume (Lawson & Nordland, 1975)
and water level (Thomas et al, 1973) young women were
unable to master these principles. If playing and
manipulation were the major influence affecting this
ability, girls should at least have had some experience.
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Some girls still play house, cook, make mud pies, etc.,
all of which would seem to give experience with volume
and water level.
Berry (1966) discovered no significant difference
between males and females on spatial tasks in the Eskimo
culture. This he attributes to the fact that women are
not seen as dependent and they share the same experiences
as the men. Given the barrenness of the tundra and the
fact that the Eskimoes are nomads, they may have
developed keen spatial abilities.
There is a tendency in this country not to allow
little girls to wander as much as little boys. Maybe,
given the experience of the Eskimoes, exploration of
one's environment has a great deal to do with one’s
spatial ability. At least in the case of the Eskimoes,
it would appear that females are able to develop spatial
abilities equal to males. Harris (1978), after reviewing
many cross cultural studies, finds that the Eskimoes are
one of the very few cultures where women equal men in
spatial ability.
Hemispheric Specialization
Socialization undoubtedly has some influence on
differences between males and females, but it may not
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explain the whole difference and in fact may be the
consequence of other factors. Brain research on
hemspheric functioning may offer insight into those
mechanisms of the thinking process that explain
differences between the sexes in ways of processing
information
.
In general most authorities agree that in most right
handed adults, the left hemisphere of the brain is the
locus of language ability and the right hemisphere,
nonverbal or spatial ability. Hemispheric specialization
or brain lateralization shown by amounts of electrical
activity, indicates that one half of the brain is active
during the processing of certain skills while the other
half is relatively quiet. The lateralization model of
the brain provides two separate cerebral loci for the
different types of information-coding operations. The
left hemisphere processes data in a logical, analytical,
computerlike fashion, while the right hemisphere is a
synthesizer processing information in terms of gestalts
or wholes (Harris, 1978).
Until recently, most of the research on brain
specialization was done using patients who had had brain
damage or epileptics who had had part of the brain
removed. For example, research on 85 right-handed adults
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with damaged brains show that men had verbal deficits
after left hemisphere damage or non-verbal spatial
deficits after right side damage. Women showed less
severe losses in both verbal and spatial ability. This
research supported the idea that men were likely to have
speech centers on the left and spatial skills on the
right, while in women it appeared that verbal and spatial
abilities were duplicated in both hemispheres (Goleman,
1978).
In recent years researchers are using " normal"
individuals in their studies
.
Harris (1978) in a
exhaustive review of the literature describes three
possible models to account for the differences in
hemispheric functioning. Harris’s three models and two
others are described briefly below:
Model 1: Earlier right hemisphere lateralization in
males. This model suggests that the development of right
hemisphere specialization proceeds earlier and faster in
males than in females. While there is some evidence to
support males’ superior ability in childhood, the
evidence is not consistent. Most of the data is based on
blind children learning braille. Harris suggests that
maybe the results are confounded because the process of
learning braille to read may involve both visualizing the
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braille configurations (right hemisphere) and then
encoding into verbal patterns (left hemisphere).
Witelson (1975) used a more purely spatial task
involving 165 boys and 165 girls, ages 3-13, all normal
and right handed. For boys no hand differences were
found for 3-4 year olds, but a significant left hand
superiority appeared at age 5. Girls showed no hand
difference until 13 and then it was left hand
superiority. Witelson proposed that for haptic
discrimination the right hemisphere may be specialized
for spatial processing as early as age 5 in boys but in
girls not until years later.
In this data it appears that the girls eventually
catch up with the boys in spatial abilities. However,
there is evidence to show that the gap between boys and
girls on spatial tasks increases starting around 13.
Model 2: Earlier, greater left-hemisphere language
lateralization in females. It is generally recognized
that girls speak sooner than boys, and develop larger
vocabularies in their earlier years. Studies show that
after age 5 girls start to improve faster than boys in
spontaneous speech and articulation skills. It is
readily accepted that school age girls generally are
better readers than boys (Harris, 1978).
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Buffery and Gray (1972) hypothesized that dominance
of the left hemisphere for verbal functions is attained
earlier in girls resulting in less bilateral
representation of spatial function. They believe that
bilateral spatial representation is beneficial to
superior spatial functioning and hence lack of spatial
bilaterality would account for poorer female spatial
performance. Both Sherman (1974) and Harris (1978)
suggest superiority in spatial ability is a result of
lateralization of the right hemisphere and not to
bilateralization. Goleman's evidence (1978) shows that
there is the possibility women have bilateralization for
both spatial and verbal ability, which would suggest, at
least according to Buffery and Gray, that women should be
superior at spatial tasks.
Model 3: Greater lateralization in males. This
model has language in females bilaterally represented and
the male brain lateralized.
The girls’ early lead in language skills may
dispose her along one intellectual course, and
the boys' lag, though it eventually is overcome
may dispose him along a different path inasmuch
as it would create an enforced longer period of
time during which his primary way of encoding
information from his environment would be
non-linguistic . . . If we further suppose that
boys are actually accelerated in the
lateralization of right hemisphere functions
and are intrinsically more interested in and
more skillful in mechanical and spatial
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relationships, then the circumstances are
created for sex differences, even among adults,in the degree of linquistic involvement in like
activities (Harris, 1978).
In support of the position that women are more
bilateral at least in terms of spatial ability, Bakan
(1974) found that both left and right handed women
performed more poorly than left and right handed men on a
task of right-left discrimination on spatial tasks. The
ability to discriminate right from left may be a
component of the visual-spatial skill.
Research by Waber (1979) suggests a totally
different point of view from the three models already
described and is described as Model 4. She studied the
maturation rate of individuals and the development of
verbal and spatial skills. The two hypothesis tested in
this study were:
1. early maturers (males and females) perform
better at verbal than spatial abilities, and late
maturers perform better at spatial than verbal ability.
2. early maturers are less lateralized for speech
perception than late maturers.
The sample consisted of ten and thirteen year old
girls and thirteen and sixteen year old boys. These
subjects were classified according to secondary sexual
characteristics. If the chronological age was at least
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one standard deviation below the mean ages for their
stage of sexual development these people were classified
as early maturers. Late maturers are one standard
deviation above. After being grouped into early, late,
males and females, all the subjects were given a battery
of verbal and spatial tasks.
The results of this study showed that regardless of
sex, early maturers scored better on verbal tasks than
spatial, and late maturers scored better on spatial than
verbal (P < .001). While only extremes of each category
were compared, these results certainly are intriguing.
A fifth model synthesizes some of the aspects of the
previous models. In this model both halves of the brain
are lateralized in males and females, but the maturing
process occurs at differrent rates for different
people. In this model the girls’ left hemisphere
develops earlier than boys' left hemisphere. This
difference in maturation rate becomes most noticable
around age seven and is highlighted by girls' ability to
learn to read. On the other hand boys right hemisphere
develops earlier. This difference occurs around age 13
and accounts for boys' ability in spatial-type tasks.
These periods of development may more resemble a "growth
spurt" than a gradual increase.
55
In the typical school situation, verbal ability and
logical linear thinking are emphasized. Therefore, girls
are encouraged to further develop the left side of the
brain, while in elementary school boys are given
remedial reading classes. Eventually they become equal
to girls in verbal skills (maybe the left side of the
brain finally matured).
Around age 13 boys enjoy a growth spurt in the right
side of the brain. They then begin to use which ever
hemisphere is the most condusive to the task at hand.
Girls however
,
have to rely mainly on the left
hemisphere. In some areas this inability to use both
modes of thinking may be a decided handicap for girls.
In the split brain theory, whether taken as a model
or as a metaphor, each half of the brain is responsible
for certain and specific brain functions. The left
hemisphere is responsible for those thinking patterns
that involve logical, linear, verbal processes.
"The logical mode of knowledge operates
sequentially, arriving at a truth inferentially
,
proceeding logically from one element to another."
(Ornstein, 1978). The left hemisphere can be said to be
responsible for certain aspects of reading, doing math
computation, and doing logical proofs.
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The right hemisphere on the other hand has
traditionally been associated with spatial, wholistic or
the intuitive. "Intuition which operates simultaneously,
is concerned with the sets of relations among elements,
which receive their meaning from the overall wholistic
content" (Ornstein, 1978). Creative persons i.e. artists
and musicians, are said to be right hemisphere dominant.
People who score high on spatial relations type tests and
do the problems by manipulating the object in their minds
eye, are using the right hemisphere as opposed to those
who try to solve the problem logically and consequently
would be using the left hemisphere.
Science as Synergy
The person on the street as well as scientists and
other scholars probably would say that sciencing is a
function of the left hemisphere. Indeed much of the
work of Karplus et al (1977) on the "Development of
Reasoning Workshops" stress the need to have students
reason more logically in science. Science teachers often
say that they are teaching people to think logically and
rationally, to help students make decisions based on
logic and reason and not on intuition. A new model is
offered at this time. In the model, sciencing involves
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both halves of the brain fully and to their ultimate
capacity. Sciencing is not just a left hemisphere
activity. It involves the processes of the right
hemisphere as well as the left.
Einstein, of course, is the classic example of a
person sciencing as described above. He states that
first he saw the images in his mind's eye, manipulated
them, (right hemispheric functioning) and then developed
the logical formulism (left hemispheric functioning).
Einstein was able to use both halves of his brain to
their fullest capacity and for the appropriate tasks.
There are many aspects of the science curricula that
involve being able to do spatial relations, or being able
to see in one's minds eye the whole problem, before being
able to solve the problem linearly. For example, being
able to imagine shapes of molecules and atoms, being
able to visualize what is happening with the "gas laws"
seeing the relationship of the earth to the sun to the
universe, imagining light as a particle and/or a wave all
involve using right hemispheric thinking. After the
solution to a particular problem is "seen" then the
formulas can be applied and the problem solved linearly.
The situation in which we find ourselves is like a
two edge sword. Girls do not select physical science
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courses because they are unable to be successful.
Unfortunately by not participating in these courses they
are denying themselves the opportunity to practice the
skills of the right hemisphere. The added burden is that
science teachers are not aware of this dilemma and
continue to stress left brain types of thinking.
The elementary science curricula seems to have made
a more conscious effort at providing units on space
related activities, for example, Tangrams from Elementary
Science Study, and Relative Position and Motion from
SCIS. Science, A Process Approach consider spatial
relations as one of the processes of science. While
these developments are very encouraging, how many
elementary teachers use and select these units as
important science curricula?
A conscious effort on the part of teachers should be
made to provide girls with opportunities to develop right
hemisphere skills. The role of spatial type "reasoning"
needs to be recognized and affirmed at the secondary
level as well as the elementary level. Girls as well as
boys may need more practice to develop both spatial
skills and linear reasoning skills. In as much as the
public schools have a role in providing the necessary
skills for living and making career choices, equal
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emphasis needs to be put on developing both aspects of
the thinking process.
Boys may more "naturally" use both halves of the
brain to solve science problems in spite of what science
educators think they may be doing. Girls on the other
hand are using only the left hemisphere (exactly as the
teacher wants), but it is not quite enough. Thus more
girls drop out of the science-math sequence. Science
teachers should recognize this passing "learning
disability" in females during early adolescence and
provide opportunities to strengthen this type of
thinking
.
The suggestion given here is that girls could and do
develop both sides of their brains, but do it differently
and at different rates than boys and also that this
normal development in girls does not mesh with the
"typical" public school process. Choices about course
selection are being made at the time in a females'
development when her natural processes are not mature
enough to make these types of decisions. If she is
beginning to have difficulty in certain areas of math and
science and if scores on aptitude and achievement tests
are used for placement, she chooses or is guided away
from more math and subsequently away from the physical
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sciences. Once out of this sequence she has little
chance of regaining the lost time. Care should be taken
to provide equal opportunities for both men and women in
acquiring the necessary education for equal access into
the scientific community.
CHAPTER III
DESIGN OF THE STUDY
Description of Population and Sample
As P°i- n ted out earlier the periods at which
noticeable differences begin to occur between males and
females on spatial relational type tasks is early
adolescence. For this reason the population selected for
this study consisted of 9th grade students in a local
junior high school. One hundred and two students who
were enrolled in four physical science classes were given
the DAT (Differential Aptitude Test, Spatial Relations
Subtest) by their classroom teacher. (in this school
half of the 9th grads population have one teacher for the
biological sciences during one semester, and the other
half have one teacher for the physical sciences. At the
mid-year, the students change teachers. The original
placement of these students is based on computer
scheduling.) The assumption is that the 102 students in
this original population represent a cross section of
abilities, interests, socio-economic groups and have
varied interests in science.
The DAT was administered to the students during
their regular science class period. Consequently the
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test was given four times. Every attempt was made to
keep the four testing situations similar and consistent.
Time was called at the end of 20 minutes as prescribed in
the test manual.
Statistics for the total population are shown in
Table 5. In this particular population one must note
that the difference between males and females, while
tending towards higher achievement in males, does not
reach significance.
Sample* This population of students was divided into six
groups, based on performance on the DAT. The scores for
the males and females were separatly rank ordered and
divided into even thirds. Thus six groups were created,
high, medium, and low scoring males, and high, medium,
and low scoring females. The middle scorers were then
eliminated from the study in order to create groups
consisting of students at extreme levels of spatial
ability. This elimination resulted in four pools of
students; high scoring males, HSM; low scoring males,
LSM; high scoring females, HSF; and low scoring females,
LSF. From each of these four groups, ten students were
randomly selected, and permission slips were sent to the
parent or guardian of each of these 40 students. Because
several students chose not to participate, students were
TABLE 5
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STATISTICS FOR TOTAL POPULATION BASED ON 60 ITEMS.
Std.Dev. T D.F. Sig .
11.08
.96 99 .339
11.00
TABLE 6
STATISTICS FOR SAMPLE POPULATION ON 60 ITEMS
N Mean Std . Dev
.
1 D.F. Sig.
High Males 10 45.70 3.34 1.39 18 .18
High Females 10 48.10 4.31
Low Males 6 24.33 8.09 1.24 14 .235
Low Females 10 20.30 5.01
!N Mean
Males 47 39.96
Females 54 33.83
64
randomly selected until a minimum of 10 were in each
group. Even though the total pool of low-scoring males
was used only six boys chose to participate. It was
decided to have this group remain at six members rather
than including males with higher scores in the group.
The reader is reminded that it was necessary for the
purposes of this study to keep the high and low scorers
as distinct and separate as possible.
The statistics for the sample are reported in Table
6 based on 60 items. An ANOVA between the groups show no
significant difference between HSM vs HSF or between L3F
vs LSM on the total score.
Clinical Interview Method
The clinical interview method was initiated by
Piaget, because the two data gathering tools available to
him-- naturalistic observation and standardized testing--
did not offer the information that was of interest, i.e.
cognitive processes used by children for problem solving
(Opper, 1977). The purpose of the section that follows
is to make clear the rationale through which the clinical
interview was chosen as the data gathering technique for
this study.
Naturalistic observation involves watching the
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subjects in their natural environment acting in some
particular way, but the subjects may or may not
participate in the behavior of interest to the
researcher
. Piaget was especially interested in the
child * s verbalizations, which were only random events in
the very slow and somewhat tedious naturalistic
observation methods. He also believed that the
standardized test method was too rigid and was not useful
in providing an account of the child’s thought processes.
In the ideal clinical method as designed by Piaget
there is a dialogue between the researcher and the
subject about some "experiment" which generally involves
concrete objects. The interviewer asks a series of
questions leading the subject to predict, observe, and
explain results.
It is these predictions, observations and
explanations that provide useful information on
the child's views of reality and his/her
thought process (Opper, 1977).
The verbalizations are then supplemented by actions
and manipulation of the experimental objects. Opper goes
on to say
The interviewer then tests his original
hypothesis on the basis of the child and the
child's verbal responses and actions. If
further clarifications are required, he asks
additional questions or introduces extra items.
Each successive response of the child thus
guides the interviewer in his formation of new
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In order to create consistency among the interviews,
some standarized questions are used. However, the
interviewer has flexibility within the format to follow
interesting avenues of inquiry.
The interviewer can follow up a novel answer
with questions that are not included in the
standardized version and in this way maypossibly obtain precious information on the
child's thinking.
Because Piagetian research is concerned with the
discovery of cognitive processes in the areas of
reasoning, memory, and mental imagery, there are no
"incorrect" answers and everything that is said is
important. It is imperative to have the interviewer
devote total attention to the dialogue, so consequently
some means of recording is necessary. During this study
each session was audio taped. The ideal situation of
course would be video tape.
The first most obvious advantage of the
clinical interview is that it allows the researcher an
opportunity to pursue lines of inquiry that emerge during
each session and to probe into fundamental and underlying
concepts, thoughts and ideas. The process is much more
fluid and flexible than that of the typical statistical
analysis of variance or other statistical analysis.
This informal situation provides a relaxed
atmosphere not ususally present in a testing situation.
It allows the interviewer to "check" out the students
responses by asking the same question from a different
perspective, and also allows for further questions that
reveal more information about the particular thought
process
.
D a_d_v_a a_g e
s
. Because the clinical interview is of a
probing nature and paths of inquiry are at the discretion
of the interviewer, often interesting areas of inquiry
come to light during an interivew with a person after
many other interviews have been completed. Therefore all
the possible lines of questions are not fully explored
during all the interviews. This raises a question of
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consistency across all the interviews.
A second problem lies in the fact that it is often
difficult to interpret the subjects verbalizations, and a
0 reat deal is left to the interviewer's or the
researcher's interpretations. In this study for example,
up and down, above and below, and fast and slow were
difficult concepts for the students to explain such that
the researcher was absolutely certain what was meant. In
some cases the student started with one explanation and
by the end of the sentence was saying something that
seemed a total contr ad ic tion
.
Some researchers have also pointed out that the sex
of the interviewers has an effect on the results of the
interview. In a study done by Lawson (1976) young girls
scored at a higher stage level (Piaget) when rated by
female interviewers than by male interviewers and vice
versa
.
Another area of consideration is the trade-off
between numbers of subjects and depth of interview. It
is very difficult for one person to interview hundreds of
subjects in a reasonable amount of time. The time factor
also is involved in the length of a given interview. Dr.
Clement* is in favor of fewer, 3 or 4, subjects for a
*Dr
. Clement, head of the Cognitive Development Project,
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longer period of time and over several sessions. In an
attempt to balanoe numbers, 36 students were interviewed.
In some sense this was too many to interview adequately
in great depth and too few to analyze statistically.
Opper points out that
The interview method appears to be deficient
since it is not applied in exactly the same way
0 3ll children. But this is no criticism:
th^ logic of the clinical method demands an
absence of standardization
. Standardized
procedures lack the flexibility required to
uncover, children's though processes. Sincethis is the method's chief aim, non
standardized questioning is required. Some
children express their thoughts with ease, and
in such cases the experimenter does not need to
do a great deal of probing before feeling
satisfied that he has elicted the maximum ofinformation. Other children require a great
many more questions and still do not provide
tne experimenter with the same amount of
information. Each child needs to be treated in
an individual way in order to acquire the
maximum of information concerning his thought
processes. The interviewer must try every
means available to him to gain access to each
child's thought processes. Those means are
not, and indeed should not be, identical for
all children.
Most of the research reviewed in Chapter II was of
the statistical analysis type. The clinical interview
was chosen for this study to uncover dimensions of the
cognitive processes not capturable by most standardized
is presently working under grant from NSF on problem
solving techniques in college freshmen at the University
of Massachusetts, Amherst.
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methods of measurement. The interview sessions described
below are based on a model developed by Dr. Clement with
whom this researcher has consulted throughout the
Juration of this study.
I
n
ter v i ew Session I
---------
-- ^irJLPlss- During Session I each student
was asked to do again two items from the DAT, which were
randomly selected from the set of 50. Figure 7 and
Figure 3 are copies of the problems used. The items were
used exactly as they appeared in the original test,
except that in order to more clearly understand to which
pieces the students were referring, numbers were placed
on each part of the example. These numbers do not occur
on the original test. Item 23 was shown to each student.
Each person was encouraged to "talk out" how a solution
or answer was selected. Prior to the beginning of the
interview the students were told that "their thinking
process" and anything and everything that went on in
their minds while they were trying to do the problem was
important.
Because "talking out" was difficult for many of
them, students often had to be encouraged to verbalize by
questions like, "Tell me what's going on in your mind
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Fig. 7. Item 23 from the Differential
Spatial Relations Sub-test.
Aptitude Test,
Fig. 8. Item 49 from the Differential Aptitude Test,
Spatial Relations Sub-test.
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now?" "How did you decide on 'C'?" After what seemed
like all that could be said about item 23 had been said,
the subject was shown item 49 and the same procedure was
followed
.
Volume-Displacement Task. As noted in Chapter II many
researchers (Lawson, 1976; Fogelman, 1972; Goldschmid,
1967; Graybill
,
1975) have pointed out the fact that
-vidv.n^e exists to indicate that on volume-displacement
tasks (Karplus) boys score "higher" than girls, that is
boys tend to give the response that is considered more
formal; while the girls tend toward the response that
indicates more concrete operational thinking at a given
The "Volume Puzzle" was selected from the
^£velopment of Reasoning Workshop materials (Karplus et
al), (see Figure 9). The puzzle was used exactly as it
appears in the book. No modifications were made, except
that the words were read to the students as they read
along and they verbalized their responses to the
questions. After the initial question and response, they
were asked "How do you know that?" and "What in your
experience at home, school or playing, may have helped
you do the problem?" Occasionally if the student's
response was very brief, they were asked, "Can you tell
me more about that?" or "Could you be more specific?"
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Here are drawings of two vertical
to the same mark with water: the
and shape.
tubes (cylinders) which are filled
cylinders are identical in size
Cylinder 1 Cylinder 2
Here are two marbles, one made of glass and one made of steel. Both
marbles have the same volume (that is, they are the same size). The
steel marble is heavier.
Steel
The steel marble is heavier than the glass one, but both marbles will
sink if placed in one of the cylinders. We are going to put one mar-
ble into each of the cylinders.
After we have put the glass marble into cylinder 1, both cylinders
and their contents look like this:
If we now put the steel marble into cylinder 2, what will happen to
the water level in that cylinder? (.Tell whether it will rise, fall,
or stay the same-, if it rises or falls, tell what the final water
level will be in cylinder 2.)
Fig. 9. Volume displacement puzzle.
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It was during this part of the interview that
learning seemed to be taking pi aoe with some students
results). In a few oases students went back and
ohanged their original response. When previous
experience was recalled, some students changed their
to be more consistent with their remembered
experience
.
Interview Session II
Selection of examgles. The primary criteria for the
selection of science problems were as follows:
1. Involves content that is more easily
identifiable as "science” as opposed to English,
social studies, math, etc.
Does not involve knowledge or skill in
mathematics.
3- Does not require or depend upon memorization of
a ’formula" or the ability to substitute and
manipulate a formula as in "F=ma", solve for
"a" .
4. Involves some manipulation of space or at least
a change in frame of reference.
5. One problem involved some concept that probably
most everyone knew something about.
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o. One problem involved some science content or
concept that was probably unfamiliar to the
majority of students, but not totally abstract
or removed from their experience.
HHeblem i_. The students in this study were enrolled
in a physical science course and were involved in an
astronomy unit. After observation and consultation with
the classroom teacher, Dr. John Clement, and the physics
teacher in the high school, a problem related to the
moon, sun, and earth system and questions related to the
full moon and the new moon were selected. The
assumptions in the selection of this particular problem
met criteria 1-5.
Also, Eleanor Duckworth (1979) suggests that the
moon, earth, sun model would make an interesting problem
with which to struggle.
All of us know that the earth turns upon
itself, and the moon goes around the earth, and
while both these things are going on, the earth
is also going around the sun. All of us also
see the sky get light and dark again every day,
see the sun pass overhead, often see the moon.
But how many of us can make a connection
between these two kinds of experience? On a
particular Tuesday, for example, at five
o'clock in the afternoon, the moon was slightly
less than half, and it was visible quite high
in the sky. Now, in a model of sun, earth, and
moon, could you place them in the relative
positions to indicate where they would be in
order for the sky to look like that? Almost
nobody I've run into can do that. Those two
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The students were first asked to draw a picture of the
earth, moon and sun and their relationship to each other.
If the orbits of the moon and earth had not been included
in their initial drawing they were asked to include the
orbits. The reason for elliciting this diagram first was
to check the assumption that at least the concepts
relating to the ear th- sun-moon model were familiar. The
drawings became one of the most interesting results of
this study. See "Pre-Corpernicans of the Twentieth
Century” in Chapter IV for a discussion of these
drawings
.
The student was then asked "If the moon were full,
and we could see it right there. (The researcher pointed
slightly below the zenith in front of the student which
was almost due south in this particular room. However,
there were no windows and it was a very small room and in
fact the researcher was pointing to the top of a cupboard
about 5 feet up the wall in front of the student.)
"Where would the sun be?" Response. "What time would it
be?" During the interview relating to this fundamental
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concept, most of the following questions and statements
were discussed
.
1. Draw a picture of the sun, moon, and earth that
you >night put in an astronomy book for children
that would show a full moon as seen from earth.
This statement turned out to be very ambiguous
so many variations were used. The difficulties
are described further in the results.
2. The student was shown the picture in Figure 10.
The picture was as it appears here except yellow
magic marker was used to show sun’s rays and the
halves of the earth and moon reflecting sun
light were colored yellow. The students were
asked to color in a moon as seen from the earth
in the picture.
3. If you got into a rocket ship and went to point
A on the moon’s orbit how would you see the
earth and moon?
4. The student was shown the picture in Figure 11
and asked to color in the moon as seen by the
people on earth in the picture.
A variety of other questions were interspersed
throughout each interview depending on the student and
the questions the students asked. In at least one case
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all the questions listed above were not used because the
student appeared to be in such stress that further
interrogating would have been counter productive.
Lll°blem 2. The second problem selected met criteria
1-4 and 5. A problem similar to the one described here
has been used by Dr. Clement. His problem involved a
cnanot and a charioteer shooting arrows at a target. In
evolving to the problem as used in this study, a flatbed
car on a train was also considered. In an attempt to
remove as many confounding variables as possible, it was
decided to eliminate the possibility that the effect of
the wind would confuse the frame of reference issue. In
spite of this, some students still had the ball affected
by a wind in the bus. The school bus example was chosen
in order to keep the unfamiliar physics in a familiar
place. The following are the questions that were the
basis of the interview. During this part of the
interview the students were able to see and point to a
cardboard cutout of a yellow school bus slightly larger
than the one pictured in Figure 12.
1. If the bus is going 50 mph forward (to the
right) and person B throws a ball at 50 mph
toward person A at the front of the bus, how
fast is the ball going as it approaches A?
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2. If parson A then throws the ball at 50 mph to 9,
how fast is the ball going as it approaches B?
3. Now, Mr. B. (the principal) is standing on the
sidewalk watching the bus go by, the bus is
still going 50 mph and A throws the ball at 50
mph to 3, how fast does Mr. B. see the ball
going?
4. Which direction is the ball going?
5. If B throws the ball to A, how fast does Mr. B
see the ball going?
5. Which direction is the ball going?
7. How do you know about this?
Although o0 mph was used in the problem it was
decided that using 50 mph was probably more facilitating
than hindering to one's discussion of the problem, and
therefore, the use of 50 mph was consistent with
criterion two and did not involve knowledge or skill in
mathematics
.
Problem 3 • In The Conception of Space
(1967), Piaget and Inhelder gave children solids and
asked them "what will it look like if we open it out flat
on the table," by having the child draw the flattened
solid. They claim that stage III (concrete operational)
is marked by the discovery of true rotation at least for
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some solids. In Sub-stage IIIB correct solutions are
given at least for the cylinders and the cone. The cube
and pyramid appear to offer rather more difficulty and a
completely correct development of the latter is sometimes
not achieved until Stage IV.
Each item on the DAT was analyzed and a truncated
pyramid that received a high percentage of incorrect
responses was selected, Figure 13. Table 7 shows the
number of responses for each possible answer for males
and females for the whole population. The selected
answers for the students interviewed in this study are
shown for each group in Table 3.
A large solid version of item 42 was constructed
from cardboard. Each student was given the solid and
asked to draw the flattened version.
Analysis of Data
The basic method of data collection in this study
was by clinical interviews each of which were audio
recorded. Additional observations were noted i.e.
physical movement of hands, reluctance to participate,
etc.; and during the second interview each subject was
asked to draw many pictures. The transscr ipt ion of each
session along with the above mentioned drawings and
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Fiq. 13. Truncated pyramid.
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TABLE 7
RESPONSES ON ITEM 42 FOR TOTAL POPULATION BY SEX
A B C D* N.R.
MALES 3 11 7 20 6
FEMALES 0 16 2 25 10
TABLE 8
RESPONSES ON ITEM 42 FOR SAMPLE BY GROUPS
A B C D* N.R.
LOW FEMALES 03142
LOW MALES 03102
HIGH FEMALES 01180
HIGH MALES 10270
* correct response
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observations were collected and collated for each
student
.
Upon analysis of the data, certain areas of interest
emerged
,
i.e. the geocentric model of the solar system
held by the students in the LSF group. The data has been
arranged by these issues instead of chronologically by
interview question because the issues seemed more
interesting and significant. in several cases where
there was some consistency about the way a question was
asked and where the students’ responses were able to be
scored, a post hoc ANOVA was performed on the data. The
reader must be cautioned that the sample was very small,
and the ANOVA was executed after the fact. A major
problem with post hoc analysis is in the interpr etation
of a correct answer
. In some cases, because of the
nature of the
v
interview process some students changed
their minds many times. Consequently the response
selected by the interviewer for inclusion in the
statistical analysis is very subjective. These
statistics are included in order to show possible
tendencies and to point out areas where a
statistical analysis might be performed.
r igorous
CHAPTER IV
RESULTS
Serendipity
In this chapter are the results of the interviews
which are arranged according to the five major issues
that emerged during the analysis of student responses.
Portions of the recorded interviews have been reproduced
in this chapter to demonstrate how some of the conlusions
were reached. In order to conserve space, reasonable
facsimiles of the students' drawings have been made and
arranged according to HSM, HSF
,
LSM, and LSF groups.
Because statistical significance was not being sought,
many of the results are reported as raw numbers or
percentages .
In the section of this chapter, Spatial Ability
Reviewed, are insights that add to the general
understanding of the nature of spatial ability as
described and defined in Chapter II. Included in this
review is a discussion of some of the responses that the
students had to item 23 and item 49 from the DAT. Also
in this section is a post hoc statistical analysis of a
folding problem that emerged.
In the section "Piagetian Related Spatial Problems"
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the students' responses to the Volume Displacement puzzle
are discussed. A post hoc ANOVA was performed on the
data comparing the various pairings of subgroupings. In
addition to the results of this puzzle are the drawings
the students made of the flattened truncated pyramid.
As explained in Chapter III, one of the advantages
of using the clinical interview method is that unforeseen
avenues of inquiry emerge during the interview. While it
was the original intent of this research to focus on
patterns among the groups, HSF
,
LSF
,
HSM
,
and LSM
,
other
areas of equal importance surfaced and are also included
in this discussion. This was especially true for the LSF
group. Due to serendipity young women in the low spatial
group were some of the first students to be interviewed
during the second set of interviews. Because some of
their responses to the request to diagram the
earth-moon-sun system seemed so incredible, the remaining
interviews tended to also pursue aspects that surfaced
during the interviews with these young women, so that
much more time was spent on the moon issue than the bus
question. The students who had preceeded these young
women were consequently not asked all the questions that
later emerged. Some of the issues related to the
earth-moon-sun system are reported in "Precopernicans of
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the 20th Century."
Of great importance to science educators are the
myriad of science misconceptions held by these ninth
graders. In the section of this chapter, "Misconceptions
of Science Concepts," some aspects of science and science
teaching are discussed in relation to these
misunderstandings.,
There were four basic questions associated with the
relative motions of the bus and the ball. These
questions and selections from some of the interviews are
reported in the section of this chapter on "Relative
Motion." In addition to these selections is a discussion
of related issues that emerged especially in relation to
the young women's difficulty with the concept of speed.
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Spatial Ab i 1 i t y Reviewed
Introduction
. In Chapter II various definitions and
aspects of the nature of spatial ability were explored.
Also included in that chapter was an overview of various
assessment measures used to determine a subject's spatial
"score," each test focusing on a specific aspect of
spatial ability. The Spatial Relations Subtest from the
Differential Aptitude Test was selected as the sorting
instrument for this study because it appeared to be
content free and was widely used and established. An
attempt to explore student's responses to this particular
test was made in the hopes of discovering factors that
were previously unknown and in some way helpful in
understanding the sex differences that exist. In
addition to a discussion of the verbal responses to two
items from the DAT, relevant sections of the second
interview are also explored in the sections that follow.
General Observations from the DAT . When given Item 23,
(see Chapter III) eight of the ten boys in the HSM group
selected A (correct response) as their initial response,
while nine had chosen correctly on the pre-test. HSM10
selected C both on the pre-test and at the interview.
However, all the boys chose the correct response by the
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end of the interview on that item. On Item 49 (see
Chapter III) four initially selected C (correct response)
during the interview although 7 had marked C on the
pre-test. All but one changed to C during the session.
During the pre-test all the girls in the HSF group
selected the correct response for Item 23 except HSF7.
During the interview all ended with their final selection
being A although during the process of the interview some
of these students changed back and forth among the
answers. The following protocol of HSF7 illustrates this
insecurity
.
HSF7 : It looks like A.
Int: How did you put it together?
HSF7 : I'd fold "that" down in my mind and
"that" would be bent. No, wait a minute.
It looks like D. Surface 2 would be here.
Int: How are you folding it?
HSF7 : Down (Describes each piece) Oh.
(Laughs)
Int: Say some more.
HSF7 : (Describes each piece again.) Laughter.
It's A.
On Item 49 seven of the HSFs had correctly chosen C
during the pretest, while all eventually chose C during
the interview except HSF6. (HSF6 had chosen correctly
during pre-test) For both the HSM and the HSF groups the
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process of explaining responses seemed to increase the
number of correct answers.
Tables 9 and 10 summarize the responses by groups
for items 23 and 49 for pre-test and interview. As a
group the LSF group is the most significant, and maybe
the source of the most interesting inferences. On the
pre-test only three females had selected the correct
response for item 23, three different females selected
the correct response for item 49. On the pre-test LSF20
had no response for either item, and during the interview
she was belligerent and barely responsive. One has to
wonder if her general attitude was responsible for her
low score on this test or whether her inablility to be
successful caused her negative attitude.
By the end of the interview six LSFs had chosen A
for item 23 and 6 had chosen C for item 49. The
influence of the interview setting for eliciting the
correct response was even more pronounced with this
group. The interview format was such that the students
were encouraged to explain how they arrived at their
responses. During this process there were many
"enlightenments." In general, however, this group
appeared very insecure and made many tentative
statements
.
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TABLE 9
TEST AND INTERVIEW RESPONSES
ITEMS 23 AND 49 FOR FEMALES
STUDENT TEST INTERVIEW TEST INTERVIEW
RESPONSE RESPONSE RESPONSE RESPONSE
ITEM 23 ITEM 23 ITEM 49 ITEM 49
HSF1
HSF2
HSF3
HSF4
HSF5
HSF6
HSF7
HSF8
HSF9
HSFIO
A
A
A
A
A
A
D
A
A
A
A
A
A
A
A
A
A
A
A
A
C
C
B
C
C
C
B
A
C
C
c
c
c
c
c
A
c
c
c
c
LSF11 D A
LSF12 D C
LSF13 A A
LSF14 A A
LSF15 C A
LSF16 D A
LSF17 D D
LSF18 C A
LSF19 A D
LSF20 - D
correct response 23 = A
correct response 49 = C
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TABLE 10
TEST AND INTERVIEW RESPONSES
ITEMS 23 AND 49 FOR MALES
STUDENT TEST
RESPONSE
ITEM 23
INTERVIEW
RESPONSE
ITEM 23
TEST
RESPONSF
ITEM 49
INTERVIEW
RESPONSE
ITEM 49
HSM1 A A C C
HSM2 A A B C
HSM3 A A C c
HSM4 A A C c
HSM5 A A B c
HSM6 A A C c
HSM7 A A D c
HSM8 A A C B
HSM9 A A C C
HSM10 C A C c
LSM11 A D • D
LSM12 D A D B
LSM13 D D D A
LSM14 A D - B
LSM15 B D C A
LSM16 C D D A
correct response 23 = A
correct resoonse 49 = C
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During the interview five of the six males in the
LSM group selected D for item 23 as their response, LSM12
while selecting A during the interview had selected D
during the pre-test. In the HSM, HSF, and LSF groups,
students changed their responses such that by the end of
the interview most had selected the correct response.
The process that the students were engaged in, that of
explaining verbally how they solved the problem increased
the number of correct answers. However, in the LSM group
the number of correct answers decreased through the
course of the interview.
Item 23 and item 49 . One of the characteristics often
used to describe spatial ability is the capability of
being able to rotate an object in one's mind. Many of
the boys in the HSM group stated that they turned the
object in their mind; some turned the paper.
HSM1: I rotate it and fold. When I look at C
it is rotated or turned around associated
with the little shade part.
HSM2: I had to rotate this one because it was
more difficult to see than the first one
(23) .
HSM4: (turned the paper around) When I turned
the paper I could see C the way I had
folded it.
HSM6 initially selected D: Oh, Oh, I goofed, D
is upside down. He then turned the paper
around to check C, he decides on C.
96
LSM10: In my mind I'm folding it.... I moved
it (the paper) around to get at different
angles. At different angles you can tell
easier what it is.
Item 23 appeared easier and required little
manipulation. Although most of the students in this
group folded the item, most of them also mention checking
the shaded "step".
HSM1: I rotate and fold... I already know it's
like A. ..I know it's not D because of side
5. The short side 6 isn't dark.
HSM2: I look for the dark spots to see where
they go. I fold it in my mind ... Surf ace 2
is on step.
HSM4 folded object and "fitted into other
shapes." He also looked for shaded parts.
HSM4: I find where the shaded piece goes. The
shaded piece is on the ledge so it has to
be A.
HSM5 found the gray "step". (Several students
referred to parts of the items by familiar terms, i.e.
step in Item 23 and book in Item 49.) He only folded the
part around the step and looked for a relationship
between the gray part and the step. HSM6 also looked for
a relationship between the step and shaded part. HSM8
said that he didn't rotate the solid he "just figured
where the shaded piece was going to be." HSM9 approached
the task by matching piece by piece, although he claims
to have folded the example. He also ended by matching
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shaded step to shaded step.
As with the male group, many of the females in the
HSF group mentioned turning or rotating the shape.
HSF10: When I turn it over the colored-in
square will be at the top, so it's C.
HSF9: I folded it and turned it over.
HSF8 had folded 23 such that four was on top so she
"flipped 4 to the bottom." On item 49 side 6 was to the
left and up so she "flipped it over so 6 would be on
top .
"
On item 23 the tendency for HSFs was to fold enough
to find where the shaded part went. HSF 1 said, "If I
folded it up where would the shaded side be?"
But on item 49 the tendency was to fold into a book
shape and then match the relationship between the little
square and the cross.
The girls in the LSF group approached the "turning"
of the object differently. While there appeared to be
some recognition that the task possibly involved movement
or rotation of the object, as a whole these young women
would not or could not perform that mental process.
LSF 1 5 : Oh these things. I hated mechanical
drawing. I'm not good at seeing things.
I can't move things around in my head.
LSF17 asked permission to turn it: Wait a
minute, can I maybe picture it upside
down? (She wanted permission from the
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interviewer before she could manipulate it
in her mind
.
)
LSF12 said on item 49: But it (her imagined
solid) doesn't look like any of those
because these are all at different angles.
LSF16: That's the problem, the way I folded it
I can't see the design. In C the design
is facing me, I can only see 4, so it
angles .
"
The boys in the LSM group were very reluctant to
participate in the interview. They sat far away from the
interviewer and when they spoke, they spoke very softly.
No patterns seem to emerge from this group. Their
approaches for solving the problems were mixed.
This of course raises the issue as to what in fact
this test was measuring for this group. Was it really
measuring attitude towards school in general and perhaps
test taking in particular? Of course, there is the
alternative interpretation -- unsuccessful students
generally have negative attitudes towards school. Even
though one or two of the LSF were perceived by the
interviewer to have negative attitudes and a non-caring
appearance the LSF group in general offered many valuable
insights throughout this study, the LSM group on the
other hand became a more questionable part of this
analysis .
In versus out. The directions for this test state that
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"The pattern always shows on the outside of the figure."
In pre-study runs of the procedures it was observed that
in spite of the directions some people folded such that
the pattern was on the inside. In the HSM group of the
eight males who folded all except HSM 1 0 folded such that
the pattern was on the outside. He also was the only
male in this group not to choose the correct response on
item 23 on the pre-test.
In the HSF group the issue of which way to fold,
printed side to the inside or outside was very evident.
HSF6 even states the confusion. "I'm trying to figure out
if I should fold the flaps up or down." There was also a
tendency to have a specific "top" or "bottom."
HSF1, HSF7
,
HSF8, HSF9, and HSF10 folded item 23
with the printed side out while the others folded with
the printed side in.
For some reason, possibly the familiar "bookness" of
the item, HSF3, HSF4, and HSF5 changed from folding up to
folding down on item 49, while HSF2 chose the piece by
piece strategy. HSF6, however, continued to fold up and
selected the incorrect answer. A summary of the students
responses are shown in Table 11 for Item 23.
In the LSM group two did not fold and did it piece
by piece, three folded up, and one folded down. Two
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TABLE 11
RESPONSE BY GROUP FOR FOLDING ON ITEM 23
STUDENT FOLD STUDENT FOLD
HSF1 down HSM1 down
HSF2 up HSM2 down
HSF3 up HSM3 down
HSF4 up HSM4 down
HSF5 up HSM5 -
HSF6 up HSM6 down
HSF7 down HSM7 down
HSF8 down HSM8 down
HSF9 down HSM9 -
HSF10 down HSM10 up
LSF11 up LSM11
LSF12 up LSM12 up
LSF13 - LSM13 down
LSF14 up LSM14 up
LSF15 down LSM15 up
LSF16 up LSM16 -
LSF17 up
LSF18 -
LSF19 up
LSF20
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young people in the LSF group tried a strategy that was
not obviously done by others in this study. They chose
to unfold each item of the answer set and match the
two-dimensional shapes. One matched piece by piece, and
of the seven remaining, six folded such that the pattern
was on the inside. The fact that so many of the young
women in this study folded "incorrectly" needs to be
further investigated.
A post hoc ANOVA (Table 12) was calculated for
differences between the groups. It is impossible to
decide which of the following interpretations are the
most meaningful. The first interpretation is that the
students in one group chose the correct response and the
other students chose the incorrect response. This
interpretation includes the students who did not fold at
all in the group of incorrect responses. The second
interpretation has students who folded out of the paper
in one group and the rest of the students in the other
group. This interpretation puts non-folders with those
that folded with the pattern on the outside. The third
interpretaion has those that folded out of the paper in
one group, those that folded into the paper in the second
group and eliminates those that did not fold.
In the first interpretation the difference between
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TABLE 12
PAIRWISE CONTRASTS FOR FOLDING
USING THREE INTERPRETATIONS
PAIRWISE
CONTRASTS
DOWN
NOT DOWN
UP
NOT UP
UP
DOWN
HSF-HSM .3881 .0577 .0912
HSF-LSF .0577 .6733 .1246
HSF-LSM .1811 1.0 .4379
HSM-LSF .0048 .0197 .0021
HSM-LSM .0359 .1462 .0807
LSF-LSM .7398 .7254 .7250
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HSM vs HSF and HSM vs LSM is significant (r<.05). The
difference between HSF vs LSF is barely significant
( r= . 0577 .
)
In interpretation two, there is still a significant
difference between HSM vs LSF, (r=.0197), and a tendency
toward significance between HSF vs HSM (r=.0577). In the
third interpretation only HSM vs LSF show a significant
difference (r=.002).
While it is true that on some items, whether one
folds out of the paper or into the paper makes no
difference because of the symmetry of the item, on many
items on this test, it does in fact make a difference
which way one folds. On many items on this test the
folded "up" solid is included as one of the possible
"incorrect" answers.
There are two interesting issues here. The first
issue has to do with some aspects of spatial ability. Is
it dependent on whether one chooses to fold up or down?
The second relates to the reliability of this test as an
assessment of spatial ability.
Planes
.
The picture in Figure 10 (page 78) was taken
from an astronomy book and was judged to be a typical
diagram of the moon's orbit around the earth. This
diagram is fairly common and it was assumed that the
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plane of the moon's orbit was obvious. The picture was
being used to elicit other information, but in the
process of the interviews it was discovered that some of
the students were seeing the diagram as pictured
exactly— the dotted line of the orbit in the plane of the
paper— and appeared to be unable to "see" the plane of
the orbit at an angle to the plane of the paper. LSF14
had great difficulty with Figure 10. She said "I don't
think it would be below. I don't think the moon is on
the bottom, on the underside of the earth. I think it's
above it. I think it would always be on top."
LSF18 had similiar difficulty. Her problem was more
with the flatness of the moon. "I see it as a flat
surface and that causes problems with front and back. I
need to fold it to shade it. The real moon is a ball.
The part I can't see is lit." She wanted to color in the
back of the moon but it was literally on the other side
of the paper. (She moved the paper and looked at the moon
on the "back" of the paper.) LSF18 also was one of the
students that unfolded the answer set. She seems to have
compensated somewhat for her inability in three
dimensions
.
Being able to "see" or imagine a three dimensional
situation from two dimensional diagrams is a skill that
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apparently needs to be practiced. Students who are
unable to see three dimensions from two dimensional
drawing would be at a decided disadvantage in science.
Body reaction
. The students were shown Figure 10 and
asked to draw what they would see when looking at the
moon if they were standing on the earth in the picture.
Figures 14-17 are reproductions of their responses. In
the high scoring groups, of the students who drew the
correct response, all of them moved either part of their
bodies or turned the picture around. In most cases the
time for the body to react was almost instantaneous. The
question was asked and the body or the head tilted. Was
that a taught and learned behavior? Is that a part of
spatial ability, to physically move the body to "see"
better?
In some cases the incorrect response was drawn first
and then the "aha" or "Oh no" and the paper was turned
around. HSM 6 and HSM 8 drew the correct response
initially. When they were confronted with Figure 11
(page 79 ) they chose to change their response to Figure
10 to an incorrect one.
In the HSM group five males drew the moon
correctly, four of them moved their bodies. Two others
responded correctly and changed after being confused.
LSM12
LSM14
LSM16
Fig. 14. LSM's view of the moon as seen from
the earth in Figure 10.
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LSF11
LSF13
LSF15
LSF17
LSF19
LSF12
LSF14
t)
LSF16
LSF18
LSF20
Fig. 15. LSF's view of the moon as seen from
the earth in Figure 10.
(no response) HSM3 HSM4
HSM6
HSM8
HSM10
Fig. 16. KSM's view of the moon as seen from
the earth in Figure 10.
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Fig. 17. HSF's view of the moon as seen from
the earth in Figure 10.
no
HSMIO was unable to change his frame of reference to the
one in the picture. In the HSF group three had the
correct response and moved their bodies. The interview
with HSF 1 went down paths not taken in other interviews,
consequently she was not asked this particular question
in a way that her drawings are useful.
Two girls in the LSF group and two boys from the LSM
group responded correctly. One of these males moved the
paper, and other one moved his body.
In general the HSMs seem to be most able to put
themselves into another location in their minds and see
from that place, even if getting to that location
involved physically moving the body or the paper.
The aspect of spatial ability involved in this
process seems different from rotating an object in one's
mind. To literally move the body to another place
involves perhaps another mental process.
The students were also asked to take a rocket ship
to point A and draw what they would see. A reasonable
facsimile of the students reponses are shown in Figures
18-21. The researcher assumed the response that involved
the most spatial ability would be similiar to the
response of HSF9, Figure 18.
The HSM group are strikingly different from the
Ill
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HSF5 HSF6
HSF7 HSF8
O
M
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HSF9 HSF10
Fig. 18. HSF's view of the earth and the moon
as seen from point A in Figure 10.
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Fig. 19. LSF's view of the earth and the moon
as seen from point A in Figure 10.
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Fig. 20. LSM's view of the earth and the moon
as seen from point A in Figure 10.
114
O O
M
E
9 O
HSM1
E
HSM2
o o
M
E
© O
r
HSM3
L
• HSM4
o OM V-/ ? O
E E
HSM5 HSM6
o m
O ^O
E O M
HSM7 HSM8
° O ? o
E E
HSM9 HSM10
Fiq. 21. HSM's view of the earth and
the moon
as seen from point A in Figure 10.
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other three groups. Notice the horizontal configuration
and the "fullness" of both the earth and the the moon.
HSM8 was the only one in that group to draw vertically;
while this is technically correct, he was in the minority
in his group. The girls on the other hand have mostly
verticle responses and only 5 of the HSFs and 2 of the
LSF had an acceptable response. That means that more
than half of the girls were unable to "see" from point A.
LSF16 would not draw any moon because it was daytime.
Summary . The following generalizations highlight the
previous sections.
The high spatial students tended to rotate objects
in their minds.
More than half of the students folded out of the
paper
.
The low spatial females generally could not or would
not rotate the the objects in their minds.
Low scoring females seemed to have difficulty
differentiating the plane of the paper from the plane of
the diagram on the paper.
Persons who were able to correctly diagram the moon
as seen from the earth moved their bodies, the picture or
both
.
HSMs seem more able to change their frame of
reference than HSFs, LSFs, and LSMs.
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Piagetian Related Spatial Problems
Volume Displacement
. In the previous section, it was
noted that some of the LSFs could not see the three
dimensional object represented by a two dimensional
drawing. This fact may contribute to the inability of
some students to be successful on the volume displacement
puzzle
.
One of the two most intriguing observations relates
to the volume displacement puzzle. All of the males
chose the correct response for the right reason, volume
is what matters, weight does not make a difference. Even
the most reluctant males had no perceived difficulty.
Eight of the HSFs chose correctly, but only one of
the LSFs chose the correct response.
The effect of the interview on the learning process
was evident during this part of the session.
HSF8: It will rise because steel is heavier.
I'm not sure how much it will rise. It
depends on how much heavier the steel is.
Probably to the 10 because its a lot
heavier than glass. The glass rose to 8
so it has to go to more than 8.
Int: How do you know that?
HSF8: Well, when you're boiling something and
you drop something in, it's taking up more
space, it takes up space where the water
is so it will use more.
(Pause and scowl )
.
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Int: What is happening in your mind right now?
HSF8: This is taking up so much space and the
water goes around it. So if this is the
same size it will rise to the same spot,
it will rise to 8.
Int: What happened to you so that you changed
your mind?
HSF8: We have baby goats and when I put in two
bottles of the same size the water rises
to a certain level whether the bottles are
full or half full. So it was the size of
the bottle not the weight of the milk in
the bottle.
A post hoc ANOVA was done comparing groups; HSF vs
HSM, LSF vs LSM
,
LSF vs HSM, and LSF vs HSF. As can be
seen from Table 13 there is no significant difference
between HSM and HSF, but there is a significant
difference between LSF and the other groups at the .001
level
.
Truncated pyramid
. Figures 22-25 represent the students’
responses to drawing the flattened truncated pyramid.
The students were given the solid and were allowed to
turn it and hold it.
All of the high spatial males and all but HSF10 of
the high spatial female group show a correct
interpretation of the flattened figure. All of the LSMs
who responded were technically correct, although LSM1
1
certainly has a unique response. One of the dotted lines
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TABLE 13
PAIRWISE CONTRASTS FOR CORRECT RESPONSE
ON
VOLUME DISPLACEMENT PUZZLE
Pairwise T
Contrast
HSF vs HSM 1.5
LSF vs HSM 9
HSF vs LSF -4.2
D.F.
9 .17
9 0
16.7 .0006
LSF vs LSM 9 9 0
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on LSH12 is incorrect.
In the LSF group only four were able to draw a
correct response. The LSF group consistently is unable
to do the tasks used during the interviews. From the
Piagetian perspective, one can suggest that these
students have not yet reached the formal operational
level of logical reasoning (Piaget, 1967). The other
perspective, however, is that these students have not
sufficiently developed spatial skills and the lack of
this skill contributes to the inability to function at a
formal level.
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Fig. 22. High scoring females representation of
flattened truncated pyramid.
HSM3
HSM5
HSM7
HSM9
HSM4
HSM6
HSM8
HSM10
Fig. 23. High scorinq males representations
of
the' flattened truncated pyramid.
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Fig. 25. Low scoring males representation
of
flattened truncated pyramid.
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Pr
e
-Copernicans of the Twentieth Century
The earth-moon-sun problem and its related
sub-problems' were selected because they satisfied the
criteria established in Chapter III, and the students’
responses had the potential for providing valuable
insight into- the cognitive processes that these young
people used in thinking about the configurations and
movements of these bodies in space. The students were
first asked to draw a picture, model, or a diagram of the
sun, earth, and moon. If they had not included an
indication of the orbits or movement of the spheres, they
were then encouraged to do so. Initially, this request
had not been intended to be part of the "real” data
collection, but rather a "warming up" exercise. However,
the response to this request seemed so incredible to the
researcher that it may be one of the most important
findings of this study.
The students who participated in this study were all
involved in an astronomy unit at the time of the second
interview. The interviewer was graciously given the
"prep" room adjacent to the classroom for the interviews.
Each student was released for the interview from the
regular class then in progress. Because the rooms
were
not totally sound proof and because the
interviewer
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travelled through the classroom going to and from the
"prep" room, the interviewer was aware of the lesson that
was being presented each day. The juxtaposition of the
lesson of the day happening not twenty feet away from the
following interviews is an event that needs to be shared
with all science educators.
The reader is reminded that these are ninth grade
students in a school system that considers itself
progressive, and most educators would probably rate this
school at least "above" average. In no way is the
following story an attempt to discredit this particular
teacher. He is probably one of the most caring and
exciting teachers this interviewer has known. The fact
that this happened at all and at this particular school,
to this particular teacher, makes it all the more
incredible.
Imagine if you can, classes on H-R diagrams, birth
and death of stars, theories of the origin of the
universe, the big bang, time warps, the fourth dimension,
parallax, etc— all very exciting topics in astronomy and
astrophysics-happening just inside of the researcher’s
hearing. Two feet from the interviewer is a young
person, fourteen or fifteen, who has probably had some
science in most of her ten years of schooling, talking
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about her concept of the sun, earth, and moon.
The following are selected portions of some of the
conversations. Throughout all the interviews the words
rotate and revolve caused confusion. These words were
almost synonymous for some students. In an attempt not
to instruct, -the interviewer used the words that the
student chose even if it meant using the wrong word.
There were many instances when simple words like turn,
day, up, etc. were spoken from one set of assumptions and
heard by the interviewer in a totally different way.
Also included here is a reasonable facsimile of all the
responses to this first request to diagram the
earth-moon-sun system and are shown in Figures 26-29.
LSF18: I think that the earth would be down
here like that, something like that. The
moon would maybe be here. And then our
sun would be like about around right about
in there somewhere.
Int: Could you put in a dotted line that shows
the path* that they take?
LSF18: You mean how they rotate? The sun I
think goes this way, (she draws the sun
going around the earth) and the moon, I
have no idea about the moon. I don’t
think it does.
#She was one of the first students to
The interviewer had assumed a heliocentr
solar system and also assumed that thi
held by these students. It became ve
times not to lead the students wh
understanding was so limited.
be interviewed,
ic model of the
s was the model
ry difficult at
en their basic
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Fig. 26. LSF’s diagrams of the Earth-Moon-Sun system.
128
HSM8
- - H
/
/
' HSM10
r
Fig. 27. HSM's diagrams of the Earth-Moon-Sun system.
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Fig. 28. HSF's diagrams of the Earth-Moon-Sun system.
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Fig. 29. LSM's diagrams of the Earth-Moon-Sun system.
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Int: So you don’t think the moon rotates.
LSF18: No. I think it like just stays in one
place and we move under it.
Int: So it stays stationary in space?
LSF18: Yes, it stays put, and we move, so it
looks like it moves.
Int: Can you tell me about the sun going
around the earth?
LSF18: The sun is going this way, and the sun
and earth are moving.
Int: Can you show me in the picture how they
are moving?
LSF18: They are moving the same way, I think
because it stays at the same distance
apart and just keeps going around.
Int: In this model the earth is making a
circle and the sun goes around the earth
and the distance stays the same?
LSF18: Yes, the distance stays the same. It
just keeps going in a circle.
LSF 1 8 confused rotate and revolve and created a
model that had the earth and sun' travelling in concentric
circles around some imaginary point with the earth in the
inner orbit. She was unable to visualize how the
earth-sun motion she described and the stationary moon
fit into the same model. She solved her problem by
gluing the moon onto the sky. (LSF18 was the student who
wanted to color in the back of the paper for the back of
the moon. See previous section). LSF20 and LSF12 also
132
solved the problem with the moon as did LSF18.
Int: Put in a dotted line to show how they
move
.
LSF12: I can't remember whether the earth goes
around the sun or the sun goes around the
earth. They both turn.
Int
:
Try- a model
.
LSF12 : The sun goes around the earth
.
Int What about the earth?
LSF12 : It just goes
to draw it.
around
.
I don't know how
Int
:
Do you mean it just turns on its axis?
LSF12: Yes.
Int: Do you know what the moon is doing?
LSF12: It just stays there.
Int: Could you put a dotted line to show how
they move around each other?
LSF20: Silence--scowl
.
Int: When you think of the earth and the moon
and the sun, do you have them moving at
all?
LSF20 : Yah, the sun moves, it goes around the
earth
.
Int: Could you draw that?
LSF20: Huh? I know the sun goes around the
earth
.
Int: Could you represent that on the picture?
LSF20: Confusion. I don't know.
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Int: You don't know which one is going around
which one?
LSF20: Well the sun, but the earth moves.
Int: The earth moves?
LSF20: I don't know. I haven't done this for
so long.
Int: If you were going to tell a third grader
or show them a picture, what would you do?
Do you have something in your experience
to help you?
LSF20: Well the earth is turning all the time.
Int: The earth is turning all the time?
LSF20: (Reluctance) I don't know.
Int: What about the moon?
LSF20: The moon just sits there.
Int: The moon just sits there? Have you ever
thought about the sun and the moon?
LSF20 : Well, when the sun goes down, it looks
like the sun is moving, but I'm not sure;
it could be the earth turning. Ummm. I'm
not sure. I really don't have any idea.
(Later.) I had astronomy in sixth or
seventh grade.
LSF19 could not decide how to solve the issue of the
moon. As can be seen from the following protocal, she
is almost pre-oper at ional (Piaget, 1958) in her response
to the moon. When it is not there, it ceases to exist.
LSF 1 9 : I don’t know where they would go. I
mean I'd probably put the earth in the
center
.
Int: And the sun and the moon?
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LSF19: I don't know where they would go.
Int: Suppose you wanted to describe this to
some
'
people
.
LSF19: I'd probably explain how the sun comes
up and how it moves around the earth.
Int: In your model, do you have the sun going
around the earth?
LSF19: Pause. I don't know, well, the sun
comes up in the east.
Int: What happens in the west?
LSF19: Well it goes around like this.
Int: When you draw this picture, where are
you?
LSF19: Well, from out in space.
Int: So you're out in space, say, in a rocket
ship
.
LSF19: I think so, (laughs).
Int: Where are you going to put the moon?
LSF19: I don't know.
Int: Have you seen the moon lately?
LSF 1 9 : Yeh, I just don't know where it would
go
.
Int: Do you know anything about the moon?
LSF 1 9 : Well it changes shapes.
Int: It changes shapes. Do you know what the
shapes look like?
LSF 1 9 : Well, it only has two, the full moon
and the crescent.
Int: Only two?
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LSF19. Well they get smaller and I guess
sometimes there's no moon.
Int: Tell' me about the no moon.
LSF19: I'm not sure if it's there, but I know
you don't see it.
Int: So no moon means no moon.
LSF19: It's just not there.
Int: So we have a moon that changes shapes,
and we want to put it into our diagram,
and we are out in space. Do you have any
idea how we can do that?
LSF19: Ummm, well doesn't the moon come up in
the east also? I just don't know what
happens to it. One night we slept on top
of a mountain and we woke up early in the
morning and the moon wasn't there
everything just disappeared. I don't know
what happened to it. It just went.
Whether it went in the west like the sun
or what.
Int: Could you assume that it comes up in the
east and sets in the west.
LSF19: Well I'm not sure that it does. I
think it might, well I'm not sure what it
does
.
Int: How do you explain that (pointing to
phases .
)
LSF 1 9 : I'll put it over here to set (left side
of paper)
Int: Then where does it go?
LSF 1 9 : I don't know. I don't know if it goes
down there (to bottom of paper) because
time is different, because when its day
over here sometimes it's night over there,
and the sun is out in the daytime.
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LSF19 was reluctant to have the moon go around the
earth. She suggested that it might even just go "back
and forth."
LSF17 appeared to be unable to represent the three
dimensional ideas she had on a two dimensional drawing.
She also had difficulty diagramming the orbits of the sun
and moon because she was not sure which one was farther
from the earth.
LSF17: (Reluctant.) It's going to be stupid.
Int: Why is it going to be stupid?
LSF17: I don’t know. I can't draw. (Draws.)
Int: Could you draw a dotted line that shows
how they move?
LSF17: How they moooove???
Int: Do they move?
LSF17: Yes.
Int: How do they move?
Int: I don't know.
Int: Tell me first and then we’ll figure out
how to draw it.
LSF17: The sun and the moon move around the
earth, more than the earth moves.
Int: So the sun and moon move around the
earth.
LSF17: I don't know how to draw the moon in,
should this go (starts and stop).
Int: Is the problem that you don't know if the
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moon goes inside the sun or outside.
LSF 1 7 : Yes, I guess it (sun) goes around the
moon, too. I’ve never really thought this
deeply before.
Int: (Pause.) What are you thinking?
LSF17: Whether the moon goes around the sun as
well as the earth.
Int: What is some evidence you have?
LSF17: It’s different around the world,
sometimes it's light and sometimes it’s
dark
.
Int: So that’s causing some problem?
LSF17: Yeh.
Int: Do you know what causes dark and light on
the earth.
LSF17: The sun I quess.
Int: What would be happening to cause light
and dark?
LSF17,: The sun is out in the daytime and the
moon in the dark.
Int: So the moon is there when its dark?
LSF17: Well sometimes its there when it's
light, too. The sun goes around the earth
and the moon goes around the earth.
LSF17 as well as many of the other students in this group
had difficulty translating from their every day
experience, day and night, to visualizing the possibility
in space of three balls somehow moving in such a way as
to cause events in the environment, for example, day and
138
night. Obviously whatever diagrams or other pictures she
had seen explaining this phenomenon were not helpful in
her case.
Besides a problem with distance LSF14 was also
confused about movement. When she responds, "the earth
and moon move," the interviewer assumed revolution, but
she was struggling with how to diagram rotation.
LSF14: I’m not a very good drawer
Int: That's OK.
LSF14: I don't know which is farther.
Int: OK. Just put them down and we'll talk
about them.
LSF14: Which one is farther, the moon or the
sun, I guess the sun is, right? Oh, no.
Int: Do you have an idea about how they move.
LSF14: The earth moves. The moon moves. The
sun I'm not sure of. But the earth has to
move. Every night and day.
Int: Could you show that with arrows?
LSF14: I don't know which way (She drew arrows
indicating rotation.) The moon I don't
know. I guess it would be moving this
way. It's usually a half moon on this
side
.
Int: What does turning mean to you?
LSF14: It turns on itself, doesn't move
around
.
Int: What about the sun?
LSF14: I don't think it moves, we move to see
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it
.
Int: Could you draw a dotted line?
LSF14: I'm not sure which way it goes.
Int: Do any of these move around in other
ways?
LSF14: - I don't think so. Maybe the moon, I
doubt it, I don't think it moves.
Int: Could you show which ones move and which
ones do not move?
LSF13: The earth turns on itself. I think the
sun goes around the earth.
Int: Have you seen the moon doing anything?
Have you noticed any motion at all? Have
you noticed where it is in the sky?
LSF13: Well from my house you look up, right
out by the carport.
Int: Have you ever seen it any place else?
LSF13: No, I don't think so.
Int: Then in your experience the moon isn't
moving
.
LSF 1 3 : Yeh.
Int: Then in this model how can we make it so
that the moon is always in the same place.
LSF13: I don't know.
Int: Do you think the moon is motionless in
space
.
LSF13: Probably.
Int: If the moon were motionless in space and
the earth were turning can you tell me
what the moon would look like? (Pause).
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The HSF group also seemed able to diagram the
earth-sun-moon system. One young women, HSF2 put the
earth's coordinate system on her diagram. Several other
students used the N-E-S-W system in trying to diagram the
full moon later in the interviews.
One has to wonder if this pr e-Cor pernican view of
the universe is typical of LSF . More questions are
raised here than are answered. The assumption is that
this spatial test sorts spatial ability and is relatively
content free. If, therefore, this spatial test truly
sorts spatial ability, and if we also allow the
assumption that these females have been properly grouped,
then there is an indication here that developing a
hel io-centr ic model of the solar system is somehow
dependent on whether one can "see" or "imagine" objects
in space and manipulate them accordingly.
Also the content in science that was presented to
them in their earlier years, may have required some
spatial ability which they had not yet developed.
Therefore they were unable to "see" what was
being
presented and they gave up trying to understand.
A bigger question is, what was happening to
them in
the science class in which they were currently
enrolled?
Is it possible for persons with a geocentric
model of the
141
universe, for persons that do not know if the sun is
closer or farther than the moon from the earth, for
persons who think the moon is somehow motionless in
space, to be able to understand on any level some of the
astrophysics concepts that were being presented? Is it
possible for persons with an inability to "see" three
dimensions from a two dimensional diagram to imagine in
terms of the fourth dimension?
One also has to wonder how it is possible to live
through nine or ten years of science in school and
thirteen or fourteen years of TV and some reading and
never learn, discover, "see", or experience the " fact"
that the earth goes around the sun or at least be made
aware that that is the currently accepted theory.
This of course raises real pedagogical and
philosophical questions. What should students be
learning in school through their science experience?
Does it make any difference whether one has a geocentric
or heliocentric model of the planetary system in which
one lives?
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Mis co ncept ions of Science concepts
During the interviews it became apparent that many
of these students had misunderstandings about science
concepts tnat interfered with their ability to do the
problems selected for this study. While this research
primarily focuses on spatially related science content
issues, it is difficult to discern how the cognitive
misconceptions interact with the spatial aspects of these
problems. In the example of the eclipses described
below, the misconception may have originated from a
visual misperception. In some of the other issues
mentioned the relationship is not that clear.
Many misconceptions were described by these
students, and these misunderstandings have been grouped
in the following manner. Those misconceptions that the
majority of students held are discussed together and are
somewhat inter r elated . In some cases only one or two
students made statements that implied a possible
misconception, but it was not pursued in depth with that
student or with other students. Because of the nature of
the clinical interview every student was not asked every
question in the same way. There was no mechanism
designed into the study to go back to a student who had
already been inteviewed, and " check out" something that
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emerged in a later interview with another student.
There were two major miseoncept ions held by many of
the students in this study. The first issue is that of
the phases of the moon. In general, it is this
researcher’s observation that these 36 students had an
understanding of the causes of the phases of the moon
that was incorrect. The following few excerpts highlight
this difficulty.
LSF19: Could it be a shadow or something?
This part is shaded by something. The
earth maybe.
Int: How would it be shaded by the earth?
L3F19: I don’t know. Maybe the shadow is
from the earth.
LSM1 : The earth's shadow causes the new
moon
.
HSF5: The phases are caused because the moon
goes behind the earth.
LSF11: The new moon is shaded by the earth.
LSF12: The earth is turning, so we only see
part of it.
LSF14: Crescents get bigger because the moon
turns slowly.
LSF15: In mid-afternoon, the earth is
blocking the moon, that's why it’s half.
LSF13: The people in Japan would see a half
moon when we see a full moon, because
they look to the West to see the United
States. They see things at an angle.
People in Australia would see a full
moon because they are looking up.
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While most of these quotes are from low scoring
females, the problem of the earth’s shadow confused
almost all of the students. Perhaps somewhere in their
previous schooling they had been taught about eclipses.
Even though many of them wanted to diagram the full moon
in the traditional and accepted way, that of the moon and
sun in oppostion, they did not know what to do with the
earth's shadow in the picture.
Figure 30 shows the typical eclipse diagram (traced
from an elementary science books.) Diagrams like this
must have been seen by these students and the memory of
that diagram made it impossible for even the most able
and capable student to diagram the full moon. As can be
seen in the diagram the earth’s shadow blocks the moon at
the moment of opposition. One student even confused "new
moon" with an eclipsed moon. In both cases one cannot
see the moon.
HSM7
,
after some thought decided upon the "correct"
position of the moon and said that becasuse the sun was
so big the light would go around the earth.
HSF3 struggled with the shadow for a long time and
eventually was able to tilt the plane of the moon's orbit
in relationship to the plane of the sun and earth.
Obviously her response required some spatial agility.
Fig. 30. Diagram of solar eclipse (top) and a lunar eclipse
(bottom) from Science Understanding Your Environments
Silver Burdett Comoany, 1978
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The two pieces of information about which she felt quite
certain, one, that the earth cast a shadow, and two, that
the moon, earth, and sun had to be in a straight line
were in logical conflict and being able to visualize the
different planes helped her to find a reasonable
solution
.
The second misconception may truly not be a
misconception, but is included in this section because so
many students had the same problem. They did not know
how long it took for the earth to go around the sun once,
how long it took for the earth to rotate on its axis, or
how long it took for the moon to go around the earth. Of
course for the LSFs who were geocentric the above were
non-issues, but for the students who at least could
diagram the currently accepted model, these questions
were also difficult.
They probably could have passed a math test on time
equivalents, i.e. 365 days = 1 year, etc; but the
relationship between one year and the earth's trip around
the sun was missing. LSM12 is typical of the responses.
L3M12: I don't know anything about this
at all. Just from what I've seen of
the sky I know the earth goes around
the sun. Now we need the moon? I
know the earth and sun are really
close together, or is it the earth
and moon or earth and sun, I can't
remember. The earth and sun are very
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close in relationship to the rest of
the universe. The moon?
Int: Have you seen the moon?
LSM12: Just from outside, I can't
remember I'd say it would be
somewhere like here.
How do you know the earth goes
around the sun?
LSM12: I know if it's day in North
America it’s night in China. The sun
is stable.
Int: So day and night is because the
earth goes around the sun? Is that
what you just said?
LSM12: Yeh. Well.
Int: How long does it take for the earth
to go around the sun?
LSM12: I don't know maybe 24 hours no
that's wrong.
Int: From sunrise to sunrise is how long?
LSM12: 12-14 hours. Oh 24 hours.
Int: So its because the earth goes around
the sun that we have day and night?
LSM12: Yeh.
This issue came to light from the responses to the
question "If we have a full moon tonight, when will the
people in Japan see a full moon?" Sometimes the question
was asked, "If we have a full moon tonight what will the
people in Japan see tonight?" The majority of students
who were asked either of these questions were unable to
148
give a "reasonable” response. This event led the
researcher to the recognition that the concepts related
to time in relationship to "go aroung once" were confused
in the minds of these students.
i/\fhen asked to diagram the full moon several
students included the earth's co-ordinate system in the
diagram. It was almost as if they were trying to draw
from two locations at once. One place being their
location on earth when they see a moon; "over the
carport," "from my bedroom window," "at the top of the
hill behind the tree," and the other place is from
somewhere out in space. Having to draw on the paper
presented them with the difficulty of integrating these
two points of view and then with the additional
difficulty of translating their three dimensional model
into two dimensional space, a skill that perhaps should
be practiced in school.
Basic of course, to this whole study was the
assumption that the students were aware of the moon and
that it reflected sunlight. But when asked why does the
moon shine or some equivalent question, the reponses
included: "Because everything else gets dark and the moon
shows up." "Got me." "The moon shines because the stars
are in the sky." "Moonlight is relected sunlight, but I
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don't see how it glows at night. During the day you
go u Id say it reflects the sun, but I have no idea about
the night."
The following statements were made by at least one
student. While they were not pursued during the
interviews, they do represent insight into the
understandings or misunderstandings some of these
students held.
"I think I've seen the moon once. We were
driving in the car down the highway and it
was on the left."
"I have no idea where the north pole is."
Int: Do you know whether you live in the
northern or southern hemisphere?
"I have no idea."
"There is always a moon up there unless
there are clouds."
At night the sun wouldn't be lit at all,
it wouldn't have that much light because
the light is out."
The misconceptions in this section are not shown
here with the intention of suggesting that all students
should have an astronomy unit in science, but rather as
an illustration of how much some ninth grade student's
understand of what one might consider obvious concepts.
Teachers and science educators might be well advised to
check their assumptions about what "knowledge" the
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students have before their course begins. Imagine if you
will going to sc.hool in a foreign country and not knowing
a word of that culture's language. That is how it must
be for many of these students, the lesson being
presented must be like listening to a foreign language.
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Rel ative Motion
One of the issues being addressed in this study
relates to how one’s spatial ability may effect one's
science ability. There are many factors related to
science ability; some are related to manipulation of
symbols and math operations, and some depend on the past
acquistion of certain "facts". It is this researcher's
assumption that one's spatial ability also is important
in some aspects of success in science
.
In the moon related problems, one is able to
identify some interactions of spatial ability and
science. Whe n the second problem was selected
,
the
assumption was that, in order to successfully answer all
four of the questions related to the bus problem, one
would be confronted with having to change one's point of
view or frame of reference, a possible subfactor of
spatial ability. The use of 50 mph was supposed to be
facilitating and it was assumed that the use of 50 mph
would not cause unneccessary anxiety in those students
with limited mathematics ability. However, many of the
young women in this study gave responses that indicated
that they were having difficulty with the concept of
vsloc i ty
.
The original intent of this problem was to find a
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situation where the content was unfamiliar but not
totally unknown to the students. In general, this seemed
more true for the moon-earth-sun problem and because the
astronomy problem involved many sub-problems, the bus
problem received, comparatively, less attention and time.
As with the moon problem, other issues surfaced. It
was decided, due to the time restraint imposed on this
study by the fact that the interview was only as long as
a class period, that side issues would not be pursued at
this time and the four original questions connected with
the bus would be asked as planned. Thus responses were
recorded without a great deal of indepth questioning.
Table 14 shows the number of students in each group
that were able to resond with the correct answer. Notice
that all the males and only about half of the females
were able to give the correct answers to the first two
questions. The HSMs had a higher percentage correct
response for questions 3 and 4. A post hoc ANOVA was
performed for questions 1, 3 and 4. The results are
shown in Table 15. There was an overall significance in
favor of males on all the questions. Significant
differences were found between HSM vs HSF, HSF vs LSM,
L3F vs HSM and L3F vs LSM groups for question 1.
Question 2 was not calculated as the results would be
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TABLE 14
STUDENTS GIVING CORRECT RESPONSE
RELATIVE
ON FOUR QUESTIONS RELATED TO
MOTION
STUDENT Q1 Q2 Q3 Q4 STUDENT Ql Q2 Q3 Q4
HSF1 * * HSM1 *
HSF2 * * HSM2 * *
HSF3 * * HSM3 *
*
HSF4 HSM4 *
*
HSF5 * HSM5 *
* * *
HSF6 * * HSM6
* * *
HSF7 HSM7
*
HSF8 * HSM8
*
HSF9 * HSM9
* *
HSF10 HSMIO
*
LSF11 LSM11
* * * *
LSF12 LSM12
*
LSF13 LSM13
LSF14 LSM14
*
LSF15 * LSM15
*
LSF16 LSM16
LSF17 *
LSF18
LSF19 * *
LSF20 * *
* = correct response
PAIRWISE
CONTRASTS
FOR
CORRECT
RESPONSE
TO
OUESTION
1,
2,
AND
4
ON
THE
BUS
PROELEM
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similar to question 1
. On Question 3 there were
significant differences between HSMs and HSFS, and
between HSMs and LSFs. While on question 4, the results
were the same as question 3, there was also a significant
^ ^ f'f'srences between HSMs and LSMs. The reader must keep
in mind that the size of the groups is very small and
this analysis was done after looking at the results. It
is presented here because it may show indications for
areas of further study and it does raise the question as
to what may be causing these differencs, if these
differences truly exist.
For some students the question was so obvious that
they had nothing else to say, while others were willing
to go on at great length with their reasons for selecting
their answers. The responses have been grouped according
to the questions with the discussion following the entire
set. Only those responses that have the potential for
insight are included here. The reader is referred to the
picture of the bus in Chapter III, Figure 12 which was
presented to each student.
Qu est io n 1_. If the bus is traveling at 50 mph forward
and B throws the ball at 50 mph towards A how fast does A
see the ball going when it gets to A? (ans. 50 mph with
respect to the bus)
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HSF4: Slower than it actually is, because thebus is moving this way (pause), and she’s
throwing this way; and she's, no wait a
minute-. She'd be seeing it faster because
the bus and the ball are going the samedirection so it would, you know, wait. Idon't know (pause). She throws to A and
the bus is going to be pulling things so
it will look slower to her. 35 mph.
HSF7
. Not very. It depends on how hard you
throw it. Fast. What do you mean by
miles per hour, because it's the bus
that’s moving, not the ball. The ball is
moving in the bus, the bus is going that
speed. If you would throw the ball a
mile, it wouldn't go 50 mph, it's just the
bus that's going 50 mph. (Humans can't
throw at 50 mph.)
Int: Make believe.
HSF7 : A sees a blur, very fast 50-60.
HSF8: Real fast. No still be 50 if you're not
moving it will still be 50. But if the
bus is moving 50. Oh, then it will be
going 100 mph.
HSF10: It would stay at person B. I don't
know what to say, it wouldn't go to person
A I think it would move I don't know.
LSF11: 100 mph. When the bus stops you'd move
forward
.
LSF12: 100 mph. Because the bus is moving.
LSF13: About 40 mph. Looks slower because bus
has little effect. She's throwing against
the bus.
LSF14: It would fall. It would get slower
because of the air 45 mph.
LSF15: I don’t think it would be going 50 mph
because if the ball is going 50 mph and
the bus is going 50 mph that’s like equal
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gravity so the ball goes 1 mph Equalgravity is like if one person is pulling
on a rope and the other person is pulling
equally the rope doesn't move because they
are both equaling out the weight.(.Changes to 50 mph after question 2.)
LSF15: Fast. Faster than 50 mph. A lotfaster. Because of the shorter distance,because the bus is short.
LSF13: Slower than 50 mph. You know when
you're going real fast it seems slow.
About 10-15 mph.
LSF19: Normal speed.
LSF20 : I don't know. How am I suppose to know
10 mph. Fast pitcher. Why wouldn't it go
just as fast, 50 mph.
All the males answered 50 mph with little or no
comment. Three males responded, "100 mph theoretically,
50 mph really."
Ques tion 2. If the bus is traveling at 50 mph forward
and A throws the ball at 50 mph towards B how fast does B
see the ball going when it gets to B. (ans. 50 mph with
respect to the bus)
HSF2: 100 mph. If this is going this fast and
the space isn't moving and the ball is in
space so it's probably going a lot faster.
No. It's the same, the distances are still
the same, its like an elevator if you jump
and its going up it will come down
quicker, but if an elevator is going side
to side and you're still going the same
amount of distance.
Faster like 50 because it's going with
the bus.
HSF4 :
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HSF8: Same as standing still its got more
speed to it so 100. (She changed to 50
mph after question 3.)
HSF9: 50 mph. Because they are both standing
khe ball isn't going any faster than
1 f it is thrown at 75. They're not going
anywhere they are standing in a field.
HSF 1 0 : It would
d ir actions
.
go to them from different
LSF11: A force builds up a little slower, 25
mph
.
LSF12: 1 mph because its so fast this way.
When you throw a ball in the wind, it
slows it down.
LSF 1 3 : Faster because it is going the same way
and will go faster because of the oull of
gravity. 70 mph
LSF14: Faster but at 45 mph because air is
slowing it down.
LSF15: 1 mph it slows down because of the air
factor, throwing against air. When you
stick your head out of the window of a
moving car, you can't get a breath of air
unless you turn around.
LSF15: Same distance faster than 50 because
the bus is short, gets there quicker. If
you were throwing the ball farther it
would get to the other person in a longer
time. It gets to the person in short bus
faster than a long bus.
LSF17: 50 mph I guess. This is weird. It's
so hard to think so deeply.
LSF18: Faster. She would have more force in
her throw because she is throwing in the
opposite direction.
LSF19: It’s going against. No it wouldn't
effect it. I think it would be the same
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as if thrown on the ground.
HSM1: Obviously it's not different than when Bthrew
-to A because they are in the samebus
.
LSM15: I guess it would be the same I'm not
sure the bus would have any effect on the
ball. It would go 50 mph.
LSM14: 50 mph. The bus doesn't make any
dfference, but if it were in a plane that
was going 200 mph then the ball would only
be going 5 mph in both cases because of
gravity
.
Question 3. If Mr. B. were standing on the sidewalk and
he saw the bus go by, and if the bus is traveling at 50
mph forward and A throws the ball to B, how fast does Mr.
B. see the ball moving? (ans. 0 mph with respect to the
earth)
HSF1: pretty fast. He'd just see the ball not
how fast it was going. He'd just see how
fast the bus is going. What he sees, or
what it is? He'll see it at 0 mph.
HSF2: 50 mph as fast as it's going.
HSF3: 50 mph as long as he was looking at the
ball I guess. (She didn't seeem to like
her answer but kept her response at 50.)
HSF4: He wouldn't see the ball moving that
much. It will look like the bus is moving
so about 5 because they are moving in
opposite directions at the same time.
HSF6: 25 because the ball is going this way
and the bus is going that way, so since
the bus is bigger than the ball his
attention would be on the bus instead of
the ball so it wouldn't seem that the ball
was going fast.
HSF7
. Blur, just a flash. 52.3 because cars
going by at 55 are sort of blurry, but theball is smaller so it would be a blur
HSF8: 50? He’s just watching it. They'll all
be 50 (changes answers to first two
questions to 50.)
HSF9: 100 mph backwards.
HSF10: Fast. The bus would just come up to
meet the ball. I don’t know what he’d
see. (She had the general idea, but was
unable to verbalize 0 mph.)
LSF11: It goes superfast towards B because the
ball is inside. If you are sitting on the
bus, it slows the speed. You see the ball
move more slowly because the ball is going
a different way. But if you’re outside,
it’s like when a car is approaching you,
it looks like it's going slowly, but then
it whizzes by you. I'm having trouble
picturing it in my head.
L3F12: Really fast, about 50 mph.
LSF13: Faster than it really is, 60 or 70.
LSF14: Fast, 45 mph, slower, but fast. Oh, 51
mph because bus is moving in the opposite
direction
.
LSF15: Ball goes slower than 50 because if a
person is going into a black hole, the
person watching sees a person going into
the hole faster, but person going in hears
others talking slower.
HSF 17: Fas t
.
30 mph
.
LSF13: Very fast, 50 mph. It would look like
person B threw the ball.
LSF19: Faster than the others but slower than
50 .
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Question 4. If Mr. B. wars standing on the sidewalk and
he saw the bus go by, and if the bus is traveling at 50
mph forward and B throws the ball to A, how fast does Mr.
B. see the ball moving?
HSF4: It would be going 2 or 3, slowly,because the ball would look like it's
floating in the air.
HSF5: 50 because they'll still be the same
distance apart.
HSF7: 52.5
Int: What causes the ball to speed up in all
cases?
HSF7 : Gravity. Gravity pulls it to the
ground. That's why it arcs. It's
breaking air particles apart and that will
take up some of its energy. So it will
slow down. It could be the force you
throw it would speed it up, but then it
slows down.
LSF14: Slower, 46. They see differently than
he does because they are closer.
LSF16: Faster because the bus is short.
LSF17: It's going fast, 30 mph. (ans. 100 mph
with respect to the earth)
The single most striking difference between males
and females on this question is not captured by the above
selected portions of the transcripts. It is reported
here as a subjective observation of the interviewer. It
is this researcher's opinion that the males treated the
problem of the bus as hypothetical, a problem given by a
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teacher requiring an answer by the student. The females,
on the whole, could not treat the problem objectively,
but worried about words and aspects of the problem which
seemed to block them from even considering a solution.
In other words the males seemed to be able to make the
necessary assumptions to solve the problem.
For example, in response to question 1 HSF7 appears
to think that a ball cannot have the units of mph. The
ball can go a distance, but she does not seem to be able
to give it velocity units. This is further complicated
by ner inability to have a human throw in velocity units.
The issue of "50 mph" seemed more of a problem for the
females than the males. The males in general, did not
question the use of 50 mph, the females on the other hand
said, "That's a fast pitcher." "He'd only see a blur."
"Nobody can see anything that fast." Many students
worried about being able to measure the speed of the ball
from the outside of the bus.
Another issue that surfaced where there appeared to
be a difference between at least the HSM and the females
was the response to question 3. The notion of 0 mph or
"suspended in mid air" or "ball is stationary in space"
was easily accepted by the males, even if they originally
gave an incorrect response, they quickly arrived at 0 mph
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and H3f8 not troubled. The females were unable to allow
the possiblity of 0 mph
. HSF4 comes close to the correct
answer, but suggests 5 mph. HSF 1 0 had a similiar
problem. LSF15 while being generally confused about most
of these concepts indicates also an an inability to use 0
mph. In her response to question 1, the idea about
"equal” gravity and "equal "pulling" still results in a
one mph response.
As with the moon problem there was an interesting
response to simple words. In the moon problem, up and
down had 37 different interpretations, as did fast and
slow in the bus problem. The in terpretat ions of fast,
caused the researcher no end of amusement.
The students would say, "real fast" or "super fast."
When asked to quantify "real" fast the following were
some of the responses.
25 mph
50 mph
30 mph
52.3 mph
100 mph
This researcher believes that the use of 50 mph as a
facilitating aspect of this problem was a source of
difficulty especially for the females. Further research
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on this particular dilemma may prove valuable to science
educators
.
Another area of concern relates to the confusion
between distance and velocity. HSF2
,
HSF7
,
and LSF16
highlight this difficulty. This confusion was more
obvious among the females than among the males.
Many of the responses almost defy interpretation,
except to suggest a myriad of misconceptions held by
these students in many science content areas, anyone of
which needs to be pursued in greater detail than was
possible in this limited study.
CHAPTER V
SUMMARY
X^n tr^o d^u^e t ion
The impetus for this study came from this
researcher's concern about the relatively small numbers
of women in science and related fields, coupled with the
statistics that suggest that males outperform females in
both physical science and spatial ability. In an attempt
to address these issues, the following five general
research questions were raised and are reviewed in this
chapter
.
1. On selected science problems, do males and
females approach the problem differently?
2. On selected science problems, do high spatial
and low spatial students differ in their approach to a
solution?
3. On selected sub-factors of spatial ability are
there any differences between the method employed for a
solution by males and that employed by females?
4. On selected sub-factors of spatial ability, are
there any differences between high and low spatial
students in the process used for solution?
5. Are the thinking patterns employed in doing
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spatial type tasks related in any observable ways to
thinking patterns needed to be successful in science
related tasks?
The clinical interview was chosen as the research
tool because it provides opportunity to pursue lines of
inquiry as they emerge. Consequently, the significance
of these results cannot be taken as significant in the
statistical meaning of that word, but rather, significant
in this chapter means from this researcher's perspective,
Important, as pointing out something weighty; momentous"
(Funk & ^agnails Comprehensive Standard Dictionary),
Differences between various groupings of these
students are obvious from their responses, both in terms
of kinds of responses ( researcher ' s interpretation) and
quality of response (giving the accepted correct answer.)
The specific conclusions have been grouped according to
the original research questions. However, there are many
different avenues for interpretaion because the lines
between what is truly spatial and what is truly science
overlap and become entangled.
The results that most closely relate to research
question 5 are interpreted in the form of a model for
potential success in science. This model is described in
detail following the section identifying specific
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conclusions related to the first four research areas.
As a research tool the clinical interview is
probably unrivaled by other means such as paper and
pencil test. The section of this chapter entitled
"Reflections on the Clinical Interview" includes
additional observations to those described in Chapter III
about this method of research.
The last section of this chapter includes an
analysis of the limitations of this particular study and
a discussion of and suggested improvements for
replication. Finally the recommendation section presents
a number of suggested areas of research that may
enlighten the many questions raised by this study.
Science problems-- spatial and sex d i f f er en ces . The first
two research questions were related to differences that
may exist between males vs females and high vs low
spatial persons in their approach to solving selected
physical science problems. Males outperformed females on
two of the selected problems for this study. Females did
not outperform males on any problems. The volume
displacement puzzle was selected because there were
indications that males tended to outperform females in
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its solution. From this study, one would have to
conclude that indeed males outperform females on that
problem. The original suspicion was that the spatial
quality of volume may have been the reason for this
^ i f's r en c e , but in this study all the males, both high
and low scorers, had seemingly little difficulty with
that puzzle. However, it is true that HSFs were also
significantly different than LSFs on this task.
The other problem where males outperformed females
was on the relative motion problem related to the bus.
On this problem there was both a significant difference
in terms of statistics and in terms of quality of
response. All the males were able to give a correct
answer to the first two questions relating to throwing
the ball in the bus, and a significant number reponded to
the last two questions correctly, seeing the ball from
outside of the bus. The two groups of females were not
different on any of the bus questions.
The qualitative differences were in relationship to
types of responses. The boys answered from an attitude
of "It's obvious," while the girls answered from a
position of being troubled by the use of 50 mph. While
some of the females were tending toward a correct
solution for questions three and four, they seemed unable
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to cope with the concept of zero velocity with respect to
the earth. The apparent comfort of the males with
throwing balls and velocity units seams to indicate that
the experience that the males had had at home, play or
school helped them with certain aspects of this problem
that was missing for many of the females.
The science content related to the moon-earth-sun
offers slightly more mixed results. Both males and
females were equally confused about what they had
previously learned of eclipses and phases of the moon.
They also appeared not to realize that words such as day,
year, and month are related to the periods of rotation
and revolution of the earth and moon.
Spatial ability and sex differences. Research question
three and four are addressed together in this section.
Although there were differences among the sub groupings,
HSF, HSF, LSM, and LSF, the differences due specifically
to gender are unclear in relationship to the two items on
the DAT that were selected for this study. Males and
females in the original population and in the sample
groupings did not differ statistically in regard to their
scores on the spatial ability subtest of the DAT.
However, the behavior of the low scoring males during the
interview together with their responses to the questions
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posad by the interviewer suggest the possibility that
their general attitude was more of a determining factor
than their spatial ability for designation into that
group. If it is true that their low scores on the DAT
were a result of factors other than actual spatial
ability, there is the chance that if they had at least
honestly tried to answer the test questions, the mean
score for males in the population may have been higher
and possibly statistically significant.
The issue related to folding needs further
investigation. While some of the high scoring and low
scoring students folded incorrectly, it is interesting to
note that only two people, one male and one female,
folded correctly in the low spatial group. This
interpretation includes those that did not fold with
those that folded incorrectly.
One possible explanation for the problems here
encountered by the low scorers is that they can not or do
not follow directions. A second possible explanation is
in relation to the fact that some of the items reminded
the students of objects that were familiar to them. In
the two items selected of the items on this test there
was something about the item in question that caused them
to refer to the objects as the book, the step, the box.
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In Item 23, which was randomly selected from the sixty
items, there is both a box and a step recognition. Also
in the way item 23 is drawn in its flattened version
there appear to be "flaps." Many people mentioned these
"flaps." If this figure had been a cut-out and if it had
been lying flat on a table or other surface, would there
be a tendency to fold the "flaps" up off the surface, to
fold the "flaps" into the surface or to turn the cut-out
over and then "fold" up off the surface? This researcher
expects that the tendency is to fold the flaps up off the
surface.
While the "folding and rotation" aspects of spatial
ability appear to be much of what this spatial relations
test assesses, a high score is not dependent on whether
one folds and rotates specifically, because success can
also be attained by doing the item piece by piece as
evidenced by HSM4 on Item 23 and many students on item
49.
What is it then that differentiates between high and
low spatial ability? This issue alone needs further
investigation. The difficulties that this investigator
encountered with two randomly selected items from the
Spatial Relations Test of the DAT and the possibility
that the low scoring males may not neccessarily have been
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low spatial makes it impossible to clearly answer this
question
.
A Model for Po tent i^al Success in Science
Within the limitations of this study, differences
between some of the pre-determinsd groupings do exist.
The greatest and most consistent differences occur
between HSMs and LSFs. The combination of spatial
ability and of being a male apparently produced the HSM
group to be more capable both in terms of background and
problem solving ability, at least in relationship to all
the problems selected for this study. These males
consistently were more able to give "correct" answers and
with relative ease. The HSMs gave responses like,
"It’s obvious." "It’s common sense." "I just know
that." The LSFs on the other hand, probably because they
were confused about so many factors, gave not only
incorrect responses, but at times responses that were
incredible.
The HSFs and LSMs were similiar at least in one
respect. Each of these two groups were not as internally
consistent as the other two groups, at least in terms of
"correctness" and types of response. On most of the
items it is less possible to say anything with certainty
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about either group, except that the LSMs were reluctant
to participate which was not true for the HSFs.
The researcher suggests that the reason for success
in science is not just being a male and it is not just
having spatial ability. One way to interpret the finding
of tnis study is that success in science is a result of
the combination of the male experience and spatial
ability. Figure 31 is a model of this conclusion. The
male experience includes all of the socialization and
environmental factors reviewed in Chapter II.
This model explains many of the observations made in
this study and elsewhere. In the diagram the upper left
half of the square is success in science and the lower
right half is non-success. Given this time in history,
the assumption is that for the most part males have the
male experience, and females have the female experience.
Males with high spatial ability fall into the successful
area of the diagram and the low spatial females fall into
the unsuccessful area. Some of the high spatial females
are successful depending on how much male experience they
have had. Some of the low spatial males even have a
chance at success in science because their life
experiences contribute to their natural understanding of
their world, for example, throwing the ball on the bus,
FEMALE
MALE
EXPERIENCE
EXPERIENCE
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HIGH
SPATIAL
ABILITY
LOW
SPATIAL
ABILITY
Fig. 31. Model for success in science.
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•and having soma sense of the concept of velocity.
There is a very important aspect to this model due
to the placement of the diagonal line. Seventy-five
percent of the males and twenty-five percent of the
females (if one ignores people with average spatial
ability) have an opportunity to be successful in science,
not a very even distribution.
Re fl ections on the Clinical Interview
As a research tool the clinical interview has other
side effects than those already discussed in Chapter III.
As described earlier it certainly provided opportunities
for uncovering avenues for further research, and probably
raised far more questions than were answered.
Some issues related to the clinical issue not
discussed earlier that became obvious during the process
of this study are described below.
1. One significant problem was that of semantics.
As alluded to in Chapter 4 the choice of words was
critical. At times it seemed as if each word needed to
be agreed on before further discussion could continue.
Because the wording of the questions caused such
interesting and unforeseen responses one can only wonder
what students do with the written questions on tests, and
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what they do with what they hear the teacher say in
school. This semantic problem presented both an
advantage and a disadvantage. It was an advantage
because by probing into the meanings of some of the words
one discovered many misconceptions held by these
students .
The disadvantage was that at times it seemed
impossible to ask a question that would be perfectly
understood by both the interviewer and the interviewee
and was not leading. On a written multiple choice test,
the response is correct or it is not correct. In the
interview the response is the response based on the
interpretation the hearer makes of the question.
2. ’’I’ve never had to think this deeply before."
As can be seen from the above quote at least for
some students having to think about these problems
appeared to be perceived as different from tneir ordinary
experience. This process seemed to cause a "new" mental
process for them. The interview also provided
opportunity for some "learning" to occur. "Learning"
being used here as the "Aha, I see it now" experience.
3. This process also provided some of these
students an opportunity to talk, one on one, with an
interested adult. In some cases the interviewer ran the
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risk of falling into the role of counselor. It was
almost as if the students were saying to themselves,
Finally I have someone to listen to me who really cares
what I think."
Recommendations for Further Research
kitil.i.kajj'.isns of this stud^. As with most research
studies, in spite of all precautions and attempts at
controlling variables, there are aspects of the design
that need improvement. The need to control for the
reluctant learner is necessary in any design where
students are grouped according to success on some written
test. Those students who choose not to make their best
effort to answer items on a test need to be distinquished
from those that can not successfully answer questions on
the test.
Also this spatial test may only have measured one
subfactor of spatial ability namely folding and solid
rotation. Using a variety of spatial type tests, and
then grouping on the basis of composite scores, might
more clearly define high and low spatial students.
A possible limitation in this study was the fact
that some of the students said they could not draw well.
The design used in this study required that the students
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draw in two dimensions what they may be imagining in
relation to the location of the planets. A design that
had the students manipulating objects, for example,
balls coupled with the drawings, may help educators
understand some of the difficulties inherent in this
particular type of translation.
No attempt was made to control for verbal ability or
science achievement in this study. A matched pair design
might address this issue. To accomodate a design such as
that, however, a large population of students would have
to be given a great many tests in order to have male and
female pairs of the same verbal and spatial ability.
Related research and next steps. Many students
especially in the LSF group made statements that
indicated that in a Piagetian sense they were at the
concrete operational stage of development in many areas.
The interrelationship between concrete and formal
operations and spatial ability needs to be explored
further. Having groups of high spatial formal males, low
spatial formal males, etc. might shed some light on this
phenomenon. Is it possible to be a high spatial person
and be concrete operational, or be at a formal
operational stage and have low spatial ability? This
is
one more aspect of formal operations that needs
to be
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considered when doing research on formal operations.
While ninth graders are at the age when spatial
ability appears to differentiate along lines of gender, a
longitudinal study using this technique-- clinical
interview and pre-determined groupings--may also be of
benefit. In a longitudinal study one could better
determine the rate of development of spatial ability in
males and females and also better assess success in
science classes by reviewing science course selection and
course grades.
Further research needs also to be done on students'
science misconceptions. The source of some of these
misunderstandings and the consequence of having these
misconceptions need to be explored especially in
relationship to the ability to acquire new knowledge.
Related to these misconceptions is what effect do
relative terms like fast and slow, up and down have on
one's ability to learn science concepts. For example, if
super fast is 50 mph, what does one do with33^ 10^ meters
per second?
In summary then some differences appear to exist
between males and females at least in selected aspects of
science. It is the responsibility of educational
researchers to continue to puruse the causes of these
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differences in order to accomodate them more effectively
and by so doing encourage the educational community to
create more equal opportunity for all students.
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Appendix A
The following are selected items from the set of
released items for the 1973 National Assessment of
Educational Progress in Science. Although the 1976 set
of examples is available, the item analysis by sex is
still unavailable. The numbers below each example
represent the percentage points above and below the mean
for each item.
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Suppose that a rubber balloon filled with air does
not leak and that it is taken from Earth to the
Moon. One can be sure that on the Moon, the balloon
will have the same
size as on Earth,
mass as on Earth,
weight as on Earth,
rate of fall as on Earth,
ability to float as on Earth.
I don't know.
% correct
response
Males
Age 13
1969 1972
21 .2 21 .5
3.2 3.2
-3.6 -3.2
Age 17
1969 1972
35.6 26.3
9.4 8.2
-8.6 -7.1Females
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2. Fanning can make a campfire burn better because the
f anning
raises the atmospheric pressure,
warms materials to their kindling points,
increases the supply of material that can burn,
increases the supply of oxygen for the burning,
provides the energy needed to keep the fire
going
.
I don't know.
Age 1 3
1969 1972
% correct response 78.5 74.5
Males 3.6 4.7
F emales -3.0 -4.7
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Fahrenheit) is poured into each of the five
containers as shown above. When the water in all
five is heated to 150 fahrenheit, the water level
will be highest in container
A.
B.
C.
D.
E.
I don’t know.
Age 13
1969 1972
% correct response 56.5 52.9
Males 5.1 3.7
F eraal es
-5.3
-3.7
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4. o Ball
Yardstick
-j Sidewalk
A ball is dropped on the sidewalk from a height of
one yard as the pciture above shows. Which of the
following pictures shows how high the ball could
bounce?
o
Ball
O
Ball
o
Ball
O
Ball
o
Ball
% correct response
Males
F emal es
Age 1 3
1969 1972
47.5 40.5
11.6 10.4
-13.2 -10.2
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5. To get the salt out of saltwater, one could
cool the water,
add more water,
boil away the water,
dissolve air in the water,
remove all of the air from the water.
I don’t know.
Age 1 3
1969 1972
% correct response 75.0 72.6
Males 5.2 6.1
Females -4.7 -6 .
1
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Appendix B
The following are
Mass achusetts Education.
numb ers represent the
perc ent for Massachusett
and Interna'tional scores
avai lable
.
Also listed
and females •
selected items from the
Assessment Program. The
median performance scores in
and for the National, Northeast
where the latter information is
are the median scores for males
Items for 9 year olds
Which of the following insects spread serious human
diseases?
1 . Ants
2. Honeybees
3. Houseflies
4. Moths
5. I don’t know
Which part of a plant contains the new plant?
1 . the roots
2. the leaves
3. the flowers
4. the seeds
5. I don’t know
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3. A plant grows this way: the first week it is 1
high. The second week it is 2 inches high,
third week it is 4 inches high. Which of
following graphs shows this growth?
i nches
inches
\\\
1 2 3 4
weeks
inches
i nches
B
weeks
12 3 4
weeks
inch
The
the
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4. Which of the following will speed up the burning of
a camp fire?
1 . Blow on the fire
2. Cover the fire with sand
3. Sprinkle dirt on the fire
4. Sprinkle water on the fire
5 . I don ' t know
5. Each year the Earth moves around
1 . Mars
2. Venus
3. the Sun
4. the Moon
5. all the other planets
Median percent for 9 year olds
Question 1 2 3 4 5
Mass 41 48 49 7?
71
Nation 46 56 63
67
Northeast 39 58 79
74
F emale 3? 44 46
71 65
Male 45 53 52
83 77
I terns for 1 7 year olds
Which one of the following substances does NOT
consist mainly of carbon atoms?
1 . Diamond
2. Graphite
3. Soot
4. Ruby
5. Charcoal
6. I don't know
When 1 6 g of dilute sulphuric acid was poured onto 3g
of zinc in an open test tube, hydrogen gas was
generated. What was the weight of the contents of
the test tube after the reaction was completed?
1. Slightly more than 1 9 g
-
2. Slightly less than 1 9 g
.
3. Equal to 1 9 g
-
4. Slightly less than 1 6 g
.
5. Equal to 1 6 g
.
6 . I don't know.
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A toaster draws a current of 15 amperes when
connected to a 120 volt power source. It 3
resistance is
4.
1 . 0.125 ohm
2. 3 ohm
3. 16 ohm
4. 120 ohm
5. 1300 ohm
6. I don't know
Which of the following concepts can be used to
explain why a horseback rider is sometimes thrown
forward over a horse's head when the horse stops
suddenly?
1 . buoyancy
2. friction
3. potential energy
4. inertia
5. mechanical advantage
6 . I don't know
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Median score for 17 year olds
Question 1 2 3 4
Massachusetts 37 35 13 50
Male 42 41 27 59
Female 32 30 9 41
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APPENDIX C
Sample of items from the Differential Aptitude Test.
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